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SYLLABUS 


The  purpose  of  this  study  was  to  investigate  alternative  measures 
and  select  a  plan  for  insuring  effective  operation  of  the  existing 
flood  control  project  and  providing  flood  protection  to  new  un¬ 
protected  development.  Recurrent  flooding  of  the  Redwood  River  to¬ 
gether  with  damaging  overflows  into  the  adjoining  Cottonwood  River 
basin  has  resulted  in  flood  damages  and  the  need  for  local  emer¬ 
gency  flood  fights. 

The  selected  plan  of  improvement  consists  of  channel  widening, 
straightening,  and  bank  reshaping  measures;  levees;  an  overflow  di¬ 
version  structure  with  appurtenant  control  and  outlet  works,  in¬ 
terior  drainage  works;  aesthetic  measures;  recreational  facilities; 
and  required  relocations.  The  plan  also  includes  revegation  of 
all  disturbed  areas.  The  plan  would  provide  a  133-year  degree  of 
flood  protection  for  the  City  of  Marshall  and  adjacent  urbanized 
areas. 

Adverse  environmental  effects  resulting  from  plan  implementation 
would  be  minimized  where  possible.  Opportunities  for  environmental 
enhancement  in  some  areas  would  be  realized.  The  economic  stability 
and  effects  of  the  flood  damage  reduction  benefits  resulting  from 
the  plan  will  have  favorable  impacts  on  the  regional  and  national 
economies. 

The  District  Engineer  recommends  Federal  participation  in  the  con¬ 
struction  of  the  additional  flood  protection  and  recreational  meas¬ 
ures  at  Marshall  in  accordance  with  the  President's  cost  sharing 
policy. 


i 

The  estimated  cost  to  the  Federal  Government  would  be  $1,745,100.  The 
estimated  combined  non-Federal  first  cost  is  $758,900.  The  benefit- 
cost  ratio  for  the  proposed  overall  project  is  1.8. 


i 


PREFACE 


In  reviewing  this  document,  it  should  be  specif  cally  noted  that 
completion  of  this  study  and  report  has  undergone  several  years'  delay 
in  order  to  reflect  numerous  changes  in  Federal  policy,  regulations, 
and  procedures.  It  should  be  further  noted  that  during  this  time  the 
city  of  Marshall  has  experienced  vibrant  growth  and  development,  and 
this  high  growth  rate  is  anticipated  to  continue  for  some  time  into 
the  future  based  on  currently  announced  industrial  plant,  and  employment 
expansion  plans  and  new  housing  expansion  trends  (averaging  about  160 
housing  units  per  year  over  the  past  5  years).  Information  on  this 
vibrant  rate  of  growth  in  urban  development  is  contained  in  Appendix  I, 
Section  J  (See  Development  Under  Existing  Conditions). 

Since  the  background  information  contained  in  this  report  on  the 
resources  and  economy  of  the  study  area  was  developed  early  in  the  1970 ' s 
prior  to  this  vibrant  growth  rate  at  Marshall,  the  future  population  and 
projected  urban  growth  rates  presented  in  the  main  report  and  various 
appendixes  are  now  conservative  and  outdated  estimates.  Modifying  this 
report  to  properly  reflect  existing  and  future  growth  rates  would  not 
alter  the  selected  flood  damage  reduction  plan  or  its  scale  of  develop¬ 
ment.  Phase  I  preconstruction  planning  will  reflect  any  changed  condi¬ 
tion.  Thus,  further  delay  in  completing  this  study  to  reflect  more 
appropriate  existing  and  projected  future  growth  rates  is  not  believed 
warranted  at  this  time  or  in  the  best  public  interest.  Proceeding  with 
project  authorization,  postauthori zat ion  planning,  and  timely  construc¬ 
tion  would  best  serve  the  needs  of  the  citizens  of  Marshall  and  alleviate 
the  threat,  potential  for  loss  of  life,  and  human  suffering  associated 
with  flooding. 
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REDWOOD  RIVER  AT 


MARSHALL,  MINNESOTA 


FEASIBILITY  REPORT 
FOR  FLOOD  CONTROL 


THE  STUDY  AND  REPORT 


Marshall,  Minnesota,  the  county  seat  of  Lyon  County,  is  located  in 
southwestern  Minnesota  near  the  center  of  the  Redwood  River  Basin. 

The  community  occupies  both  banks  of  the  Redwood  River  for  a  dis¬ 
tance  of  about  4.8  miles  at  a  point  approximately  68  miles  upstream 
of  the  river's  confluence  with  the  Minnesota  Ri  er,  as  shown  on 
plate  1.  A  federally-constructed  flood  control  project  was  completed 
at  Marshall  in  1963.  This  project  was  originally  designed  for  a  peak 
flood  flow  of  6,500  cfs  which  had  a  114-year  frequency  of  occurrence. 

After  the  occurrence  of  two  major  floods  in  a  short  time  span  (1957 
and  1969),  discharge-frequency  relationships  at  Marshall  have  been 
revised.  Based  on  the  revised  discharge-frequency  curve,  what  was 
originally  a  114-year  recurrence  interval  is  now  a  59-year  interval. 
Because  of  flood  problems  experienced  during  the  record  April  1969 
flood  due  to  inadequate  channel  capacity  both  upstream  and  downstream  of 
the  existing  project,  the  City  and  County  have  requested  a  study  to  deter- 
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mine  if  corrective  action  is  advisable.  A  discussion  of  back¬ 
ground  information,  problems  and  needs,  alternative  measures 
considered,  and  recommended  action  are  discussed  in  the  following 
report  sections. 


PURPOSE  AND  AUTHORITY 


Authority  for  this  study  is  provided  for  in  section  216  of  the 
1970  River  and  Harbor  Act.  This  section  of  the  Act  states: 

"The  Secretary  of  the  Army,  acting  through  the 
Chief  of  Engineers,  is  authorized  to  review  the 
operation  of  projects  the  construction  of  which 
has  been  completed  and  which  were  constructed 
by  the  Corps  of  Engineers  in  the  interest  of 
navigation,  flood  control,  water  supply,  and  re¬ 
lated  purposes,  when  found  advisable  due  to  sig¬ 
nificantly  changed  physical  or  economic  conditions 
and  to  report  thereon  to  Congress  with  recommenda¬ 
tions  on  the  advisability  of  modifying  the  Structures 
or  their  operation,  and  for  improving  the  quality 
of  the  environment  in  the  overall  public  interest." 

By  resolutions  of  6  June  1972  and  3  July  1972  respectively,  the 
Lyon  County  Board  of  Commissioners  and  the  City  of  Marshall  re¬ 
quested  that  the  Corps  of  Engineers  review  the  operation  of  the 
existing  project  to  determine  the  advisability  of  corrective  meas¬ 
ures  required  to  upgrade  the  project  and  provide  protection  to 
unprotected  development  at  Marshall.  By  letter  of  December  3,  1975, 
the  City  of  Marshall  requested  additional  studies  of  the  advisability  of 


locally  desired  recreational  facilities  in  conjunction  with  the 
existing  and  proposed  flood  control  measures. 


SCOPE  OF  THE  STUDY 


The  flood  control  portion  of  this  study  principally  concerns  the 
adequacy  of  the  existing  Corps  of  Engineers  project  in  providing 
flood  damage  reduction  in  the  City  of  Marshall  and  adjacent  urban¬ 
ized  areas  both  upstream  and  downstream  of  the  city.  The  study 
area  applicable  to  flood  damage  reduction  and  recreational  needs 
includes  these  reaches  in  addition  to  the  natural  river  reach 
through  the  city.  Any  required  recreational  lands  would  be  limited 
to  lands  acquired  for  the  existing  and  proposed  flood  control  project 
or  immediately  adjacent  lands  purchased  entirely  at  local  expense 
to  provide  access  to  considered  developments.  Investigations  were 
made  in  sufficient  detail  to  permit  selection  of  the  best  overall 
plan  from  a  series  of  alternatives  and  establish  final  project 
designs  and  cost  estimates.  Selection  of  the  recommended  plan  was 
made  after  considering  various  effects,  water  and  related  land 
resource  planning  objectives,  current  planning  policies  and  criteria, 
and  the  views  of  interested  agencies  and  public.  Coordination  was 
maintained  through  the  study  with  the  City  of  Marshall  and  interested 
state  and  Federal  agencies. 

STUDY  PARTICIPANTS  AND  COORDINATION 


To  assure  the  acceptability  of  a  plan  to  the  local  public,  close 
coordination  between  Federal,  State  and  local  interests  has  been 
an  important  element  in  this  study.  Several  meetings  were  held 
with  the  City  of  Marshall  to  identify  the  nature  and  extent  of  the 
flood  problem  and  needed  recreation  facilities  and  to  determine 
alternative  solutions  thereto.  Coordination  was  maintained  with 


the  following  state  and  Federal  agencies  during  the  study: 


*  Minnesota  Department  of  Natural  Resources 

*  Minnesota  Pollution  Control  Central  Agency 

*  Minnesota  Department  of  Highways 

*  U.S.  Department  of  the  Interior  -  Fish  and  Wildlife  Service 

-  Bureau  of  Outdoor  Recreation 

-  National  Park  Service 

*  U.S.  Department  of  Agriculture  -  Soil  Conservation  Service 

*  U.S.  Environmental  Protection  Agency 

Meetings  open  to  and  attended  by  the  public  were  held  with  the 
Marshall  City  Council  on  3  March  1975  and  20  October  1975  to  obtain 
local  views  on  proposed  upstream  and  downstream  reach  improvements 
respectively.  Pertinent  correspondence  regarding  this  coordination 
effort  is  attached  in  Appendix  II.  On  February  1977  a  public  meeting 
was  held  at  Marshall  to  discuss  the  proposed  plan  of  improvement.  A 
copy  of  the  meeting  transcript  together  with  subsequent  correspondence 
received  is  also  contained  in  Appendix  II. 

A  meeting  was  held  with  City  officials  in  Marshall  on  2  March  1978 
to  review  revised  study  recommendations  based  on  a  review  of  the 
draft  report  by  higher  Corps  authority.  On  2  April  1979,  a  meeting  was 
held  with  City  officials  and  other  interested  persons  to  discuss 
additional  studies  of  alternative  flood  barrier  alignments  made  in 
response  to  Executive  Orders  11988  and  11990.  At  this  same  meeting, 
the  City  adopted  two  resolutions  indicating  its  willingness  and  intent 
to  provide  required  assurances  of  local  cooperation  when  and  as 
required  for  the  proposed  flood  plain  management  and  recreation 
measures.  Copies  of  these  resolutions  are  also  contained  in  Appendix  2. 
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THE  REPORT 

Results  of  this  study  are  presented  in  a  main  report  with  two  ap¬ 
pendices.  The  main  report  is  a  brief  non-technical  presentation 
with  recommendations  concerning  proposed  improvements  to  alleviate 
the  flood  problem  at  Marshall.  Appendix  I  is  a  detailed  technical 
report  following  the  same  general  outline  as  the  main  report,  but 
providing  greater  detail  on  natural  and  economic  resources,  plan 
formulation,  and  division  of  responsibilities  for  implementing  the 
selected  plan.  Appendix  II  contains  all  pertinent  correspondence 
associated  with  the  study. 


PRIOR  STUDIES  AND  REPORTS 


Mouse  Document  No.  230,  74th  Congress,  1st  Session,  includes  a  re¬ 
port  submitted  by  the  St.  Paul  District  Engineer  on  24  November 
1934  concerning  water  and  related  land  resource  problems  in  the 
Minnesota  River  Basin.  However,  this  report  did  not  specifically 
consider  flooding  and  related  problems  at  Marshall. 

House  Document  417,  86th  Congress,  2nd  Session,  includes  a  25  March 
1960  report  from  the  St.  Paul  District  Engineer  recommending  flood 
control  improvements  at  Marshall  to  include  clearing  and  snagging 
of  a  3.1  mile  reach  of  the  Redwood  River,  construction  of  2,135  feet 
of  levee,  and  a  floodwater  diversion  channel  at  Federal  and  Non-Federal 
first  costs  of  $2,252,000  and  $701,000  respectively,  and  subject  to 
certain  assurances  of  local  cooperation. 

A  flood  plain  information  report  on  the  Redwood  River  at  Marshall 
was  prepared  by  Wehrman,  Chapman  Associates,  Inc.,  Minneapolis, 
Minnesota  under  contract  to  the  Corps  of  Engineers  in  December,  1974. 
This  report,  prepared  at  the  request  of  the  City  of  Marshall  with 
the  endorsement  of  the  Minnesota  Department  of  Natural  Resources  con¬ 
tains  maps,  profiles,  and  cross  sections  which  indicate  the  extent 
of  flooding  which  has  been  experienced  and  which  could  occur  in  the 
future  at  Marshall. 

A  flood  insurance  report  has  been  prepared  for  the  city  by  the  St.  Paul 
District,  Corps  of  Engineers  under  contract  to  the  Federal  Insurance 
Administration.  This  report  was  completed  in  August  1976. 

RE90URCES  AfC  EOJNOMY  OF  THE  STUDY  AREA 

The  City  of  Marshall  (1970  population  9,886)  is  located  in  south¬ 
western  Minnesota  and  along  the  Redwood  River  at  mile  68.1  as 
shown  on  plates  1  and  2.  It  is  the  county  seat  of  Lyon  County 
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and  also  serves  as  the  retail  trade  and  service  center  for  the 
surrounding  rich  agricultural  region. 


ENVIRONMENTAL  SETTING  AND  NATURAL  RESOURCES 


Marshall  is  located  along  the  Redwood  River  between  river  miles 
66.0  and  70.8.  The  town  lies  on  the  topographic  divide  between 
the  Redwood  and  Cottonwood  River  basins,  the  Cottonwood  River  lo¬ 
cated  about  6  miles  to  the  south  at  its  nearest  point. 

Land  use  in  the  study  area  outside  the  urbanized  area  is  predom¬ 
inantly  agricultural  with  scattered  rural  residential  and  recrea¬ 
tion  uses.  A  narrow  intermittent  fringe  of  bottomland  forest  a- 
long  both  river  banks  provides  food,  water,  and  sanctuary  for  area 
wildlife.  The  agricultural  lands,  which  extend  to  these  wooded 
areas  are  slowly  being  lost  to  expanding  residential  and  other 
development.  Public  land  use  along  the  flood  plain  consists  of  a 
state  roadside  park,  city-owned  right-of-way  along  the  existing 
floodwater  diversion  channel,  and  the  Southwest  State  College  at 
Marshall  and  three  city  parks. 

The  Redwood  River  rises  in  Pipestone  County  and  extends  downstream 
along  an  elongated  drainage  area  of  approximately  743  square  miles 
of  which  251  square  miles  are  located  upstream  of  Marshall.  The 
river  at  Marshall  is  generally  less  than  40  feet  wide  with  numerous 
areas  of  steep,  eroding  banks  and  is  flanked  on  both  sides  by  an 
intermittent  but  fairly  dense  strip  of  tree  and  understory  cover. 

The  general  topography  of  the  basin  is  that  of  a  rolling  upland 
area.  The  river  drops  from  an  elevation  of  about  1,850  feet  above 
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sea  level  to  an  elevation  of  1,200  feet  at  Marshall  for  an  average 
rate  of  about  18  feet  per  mile.  The  river  slope  then  flattens  to 
an  average  of  about  4  feet  per  mile  between  Marshall  and  Redwood 
Falls  (mile  8,5 U ) .  Between  Redwood  Falls  and  its  confluence  with 
the  Minnesota  River,  the  river  slope  increases  sharply  to  an  aver¬ 
age  of  24  feet  per  mile. 

Soil  patterns  in  the  Marshall  area  are  complex  due  to  the  nature 
of  the  glacial  deposits  and  mixing  action  of  wind,  water,  and  stream 
flow.  Soils  are  of  recent  and  glacial  origin  and  consist  of  allu¬ 
vial  silt,  clay,  and  sand  underlain  by  clayey  glacial  till  or  sandy 
outwash  material.  The  inherent  soil  fertility  is  quite  high,  re¬ 
flected  in  high  annual  agricultural  yields  during  non-drought  periods. 

The  climate  of  the  study  area  is  characteristically  continental 
with  wide  seasonal  variations  in  temperature.  Average  mean  daily 
temperatures  range  from  74°  in  July  to  13°  in  January,  the  coldest 
month.  A  -age  annual  temperature  is  about  45°  with  recorded  ex¬ 
tremes  of  -36°  F  and  107°  F.  Normal  yearly  precipitation  is  about 
27  inches  with  the  annual  snowfall  averaging  about  40  inches.  High 
intensity  rains  of  4  to  5  inches  in  24  hours  are  not  uncoranon  dur¬ 
ing  the  spring  and  summer. 

Vegetation  in  the  study  area  consists  of  the  thin  strip  of  forest 
and  understory  cover  along  the  river  banks,  small  isolated  plots  of 
native  prairie,  grasslands  on  previously  tilled  cropland,  and  domes¬ 
ticated  plant  communities  on  agricultural  and  residential  areas. 

Reed  canary  grass  is  by  far  the  most  abundant  grass  species  found 
on  the  river  banks.  Aquatic  vegetation  generally  consists  of  several 
species  of  attached  algae  and  a  few  species  of  aquatic  weeds. 

A/aii  Redwood  River  mileages  referenced  to  mile  0.0  at  the  confluence 
with  the  Minnesota  River. 
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The  river  woodlands  provide  habitat  and  a  source  of  food  and  water 

for  a  variety  of  wildlife.  Red  fox  (Vulpes  fulva)  ,  racoon  (Procyn  lotor) , 

mink  (Mustela  vison) ,  muck rat  (Ondatra  zibethica) ,  and  beaver 

(Castor  canadensis)  are  common  in  the  area.  The  woodlands  along  the 

river  just  downstream  of  Marshall  are  uniquely  important  to  the  local 

bird  population  as  many  species  of  wading  birds  are  attracted  to 

the  sewage  disposal  ponds  located  north  of  Marshall.  No  significant 

sport  fishery  is  present  in  the  river  at  Marshall  due  to  the  high 

turbidity  levels  and  very  shallow  depths  or  dry  areas  during  low-flow  periods. 


Although  the  Marshall  area  has  experienced  substantial  Indian  and 
early  white  settler  activity,  no  evidence  of  historic  Indian,  or 
sites  of  other  historical  or  archeological  interest  have  been  iden¬ 
tified  in  the  study  area.  This  finding  is  supported  by  a  check  of 
the  National  Register  of  Historic  Places,  research  done  by  the  State 
of  Minnesota,  and  an  environmental  assessment  for  the  Marshall  muni¬ 
cipal  airport  by  the  City  Engineer. 

Major  recreational  resources  in  Marshall  include  four  municipal 
parks  and  a  private  golf  course.  Developed  public  use  areas  in  the 
immediate  study  area  include  the  state  roadside  park  located  south¬ 
west  of  the  community  as  shown  on  plate  1,  and  three  city  parks  as 
shown  on  plate  2.  Some  walking  trails  are  found  in  the  river  wood¬ 
lands  but  are  not  publicly  owned.  Fishing  and  canoeing  activity 
is  minimal  due  to  the  very  shallow  areas  and  fallen  trees  and 
snags  in  the  channel.  The  City  is  presently  making  a  study  of  a 
bicycle  trail  system  around  the  city.  A  portion  of  this  system 
would  utilize  existing  city -owned  diversion  channel  right-of-way 
and  provide  connections  to  the  college  and  downtown  areas. 


Two  County  ditches  are  located  within  the  study  area.  These  ditches 
No.  70  and  No.  62  are  maintained  by  Lyon  County  in  accordance  with 


State  law.  The  Redwood  River  downstream  of  the  State  Highway  23 
crossing  is  classified  as  a  judicial  ditch. 


The  existing  flood  control  project  at  Marshall  is  located  mostly 
within  the  City  limits  and  operated  and  maintained  by  the  City  in 
accordance  with  local  assurances  of  cooperation  previously  fur¬ 
nished  to  the  Secretary  of  the  Army.  The  City  has  recently 
adopted  a  flood  plain  management  program  based  on  the  com¬ 
pleted  flood  plain  information  report.  Management  of  unin¬ 
corporated  flood  plain  areas  adjacent  to  the  city  are  subject 
to  an  existing  agreement  between  the  City  and  Lyon  County. 


HUMAN  RESOURCES 


The  present  site  of  Marshall  was  settled  in  1869.  Railroad  trans¬ 
portation  to  the  town  was  initiated  in  1872.  The  city's  popula¬ 
tion  has  steadily  increased  to  a  1970  population  of  9,886,  an  in¬ 
crease  of  48  percent  over  the  1960  census.  Much  of  this  increase 
was  due  to  annexation  by  the  City  and  the  opening  of  the  Southwest 
State  College  at  Marshall.  The  City's  population  is  expected  to 
grow  over  the  next  2S  years  but  at  a  decreasing  rate. 


DEVELOPMENT  AND  ECONOMY 


Marshall,  the  county  seat  of  Lyon  County,  serves  as  an  important 
regional  government,  trade  and  service  center.  The  State  college 
provides  various  educational  and  cultural  opportunities  for  area 
residents.  Much  of  the  agricultural  activity  around  Marshall  is 
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based  on  the  marketing  of  annual  products  with  three  of  the  largest 
employers  involved  in  food  processing.  Farming  in  the  area  contin¬ 
ues  to  become  more  specialized  with  a  decrease  in  cash  crops  and  an 
increase  in  livestock  and  dairy  operations.  Median  family  income 
for  Marshall  residents  in  1970  was  $9,856  with  a  per  capita  income 
of  $2,840.  The  Marshall  area  is  served  by  one  major  U.S.  highway, 
three  State  highways,  rail  freight  service,  two  truck  freight  lines, 
bus  service,  and  a  charter  airplane  service. 


PROBLEMS  AND  NEEDS 


The  existing  federally-constiucted  flood  control  project  provides 
protection  to  much  of  Marshall  during  the  frequent  smaller  floods. 
However,  a  large  portion  of  the  city  remains  subject  to  severe  dam¬ 
age  during  major  flood  periods.  The  following  paragraphs  discuss 
the  status  of  existing  improvements,  the  flood  problem  and  improve¬ 
ments  desired  by  local  interests.  Additional  discussion  of  study  area 
resource  management  problems  and  needs  is  given  in  Section  C  of 
Appendix  I  to  this  report. 


STATUS  OF  EXISTING  PLANS  AND  IMPROVEMENTS 

In  1952  the  City  completed  a  1,100-foot  long  channel  cutoff  on  the 
Redwood  River  at  mile  67.0.  This  cutoff  together  with  channel 
clearing  and  straightening  works  by  the  Corps  of  Engineers  in  1953 
reduced  flood  stages  about  a  foot  in  the  downstream  portion  of  the 
town.  The  City  was  provided  additional  protection  with  the  comple¬ 
tion  of  the  existing  diversion  project  in  1963.  This  project,  con¬ 
structed  by  the  Corps  of  Engineers,  included  channel  clearing  and 
snagging,  a  levee,  a  2.4-mile  long  floodwater  diversion  channel. 
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channel  enlargement  along  two  river  reaches,  flanking  spoil  dikes 
along  improved  channel  reaches,  drop  structures  in  the  diversion 
and  natural  channels,  and  necessary  road,  rail  and  bridge  alter¬ 
ations.  The  project  was  designed  to  pass  a  flow  of  6,500  cubic 
feet  per  second  (cfs)  around  and  through  the  city  with  no  signifi¬ 
cant  flood  damage. 

The  City  presently  has  a  flood  plain  management  program 
in  effect  with  floodway  recently  having  been  designated  for  the 
area.  Adjacent  flood  plain  reaches  upstream  and  downstream  of 
the  City  limits  are  subject  to  Lyon  County  flood  plain  manage¬ 
ment  regulations  for  unincorporated  areas. 


THE  FLOOD  PROBLEM 


The  City  of  Marshall  remains  subject  to  severe  flood  damage  during 
major  flood  periods.  The  existing  project  was  designed  to  pass  a 
peak  flood  flow  of  6, SOU  cfs  around  and  through  the  City  without 
any  significant  flood  damages.  Updated  frequency-discharge  rela¬ 
tionships  indicate  that  the  114-year  frequency  of  occurrence  orig¬ 
inally  associated  with  this  discharge  is  now  a  59-year  recurrence 
interval.  Based  on  these  updated  relationships,  a  100-year  recur¬ 
rence  interval  corresponds  to  a  peak  discharge  of  8,200  cfs  or  a 
discharge  close  to  the  8,090  cfs  which  occurred  during  the  April 
1969  flood. 

The  existing  diversion  channel  has  sufficient  capacity  to  pass  the 
original  design  discharged  of  6,500  cfs  without  any 
problems.  However,  the  existing  channels  upstream  and  down¬ 
stream  of  the  project  have  insufficient  capacity  to  pass  the 
design  flood  into  or  away  from  the  project.  Channel  capacity 
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along  both  reaches  is  limited  by  extensive  debris,  vegetative  growth, 
inadequate  flow  area,  and  numerous  sharp  meanders.  Thus,  as  eviden¬ 
ced  during  the  April  1969,  the  actual  level  of  protection  afforded 
the  City  is  against  a  flood  having  a  recurrence  interval  of  about 
once  in  16  years  (point  at  which  flood  flows  would  overtop  CSAH  7 
and  flow  into  Marshall). 

Overbank  flows  along  the  upstream  reach  commence  at  the  wayside  park 
at  a  flow  of  about  2,500  cfs.  At  a  discharge  of  6,500  cfs  most  of 
the  land  area  upstream  of  County  State  Aid  Highway  7  (CSAH  7)  (plate 
1)  would  be  flooded.  At  a  discharge  greater  than  3,500  cfs,  flood- 
waters  would  cross  over  CSAH  7  and  re-enter  the  river  after  passing 
through  the  western  part  of  the  town.  At  the  peak  Redwood  River 
discharge  of  8,090  cfs  at  the  Highway  23  wayside  park  during  the 
1969  flood,  approximately  1,400  cfs  initially  overtopped  Highway  23 
and  flowed  into  the  Cottonwood  basin.  The  construction  of  an  emer¬ 
gency  levee  along  CSAH  7  during  the  flood  to  prevent  overflows  into 
the  town  resulted  in  inundation  damages  to  upstream  farmlands.  Sub¬ 
sequent  breaching  of  Highway  23  to  relieve  pressure  on  the  emer¬ 
gency  levee  and  remove  the  retained  floodwaters  allowed  an  additional 
1,106  cfs  to  flow  into  the  Cottonwood  causing  inundation  and  erosion 
damages  to  two  farm  properties  located  south  of  the  highway.  At  the 
height  of  the  flood  only  5,590  cfs  reached  the  existing  diversion 
structure.  Without  the  emergency  raise  of  CSAH  7,  approximately  1,090  cfs 
would  have  flowed  over  CSAH  7  into  the  City  causing  extensive  damage. 

Insufficient  downstream  reach  channel  capacity  was  also  demonstra¬ 
ted  during  the  1969  flood  when  extensive  emergency  measures  were 
required  to  protect  downstream  development  against  a  peak  downstream 
discharge  of  5,590  cfs  (8090  -  2500).  It  is  expected  that  a  much 
greater  damage  potential  would  occur  in  the  event  of  the  revised 
downstream  100-year  discharge  of  6,700  cfs. 
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Based  on  a  review  of  the  existing  project's  performance  during  the 
1969  flood,  it  is  obvious  that  without  additional  measures  upstream 
and  downstream  of  the  project,  the  projet '  cannot  function  as  in¬ 
tended.  These  additional  improvements  are  needed  to  pass  the  design 
flood  both  into  and  away  from  the  diversion  project  without  dam¬ 
aging  overbank  flows. 

RECREATIONAL  AND  OTHER  RELATED  RESOURCE  TCEDS 


During  the  course  of  this  study,  the  City  has  indicated  a  growing 
need  for  a  city-wide  recreational  trail  system.  A  recent  survey 
by  the  City  indicates  that  local  residents  place  a  high  priority 
on  the  need  for  such  a  system.  A  perimeter  trail  system  utilizing 
city  owned  diversion  channel  right-of-way  is  in  the  initial  planning 
stage  by  the  City.  Local  interests  also  desired  improvements  to  a 
generally  undeveloped  softball  complex  on  the  diversion  channel 
right-of-way,  cross-country  ski  facilities,  river  bank  improvements 
in  the  interest  of  public  safety  at  two  city  parks,  expanded  picnic¬ 
king  facilities  at  a  third  park,  an  off-road  vehicle  track,  and 
nature  education  and  quiet  areas. 

IMPROVEMENTS  DESIRED 


The  primary  improvements  sought  by  the  City  are  the  additional 
measures  to  insure  effective  operation  of  the  existing  project  and 
protect  presently  unprotected  development  immediately  downstream 
of  the  existing  project.  By  a  resolution  of  6  June  1972,  Lyon 
County  requested  that  the  Corps  review  the  operation  of  the  exist¬ 
ing  project  and  required  modifications  be  made  thereto  to  insure 


13 


that  Marshall  will  be  provided  an  adequate  degree  of  protection. 
By  a  resolution  of  3  July  1972,  the  City  requested  that  a  study 
be  made  to  determine  what  improvements  can  be  made  to  provide 
for  additional  protection  and  efficiency  of  the  study  project. 
The  City  has  also  indicated  a  desire  for  a  study  to  include 
consideration  of  the  advisability  of  a  recreational  trail  system 
and  other  facilities  in  conjunction  with  any  proposed  flood 
control  improvements. 


FORMULATING  A  PLAN 


The  actual  damages  and  problems  experienced  during  the  April  1969 
flood  and  the  present  potential  for  even  greater  flood  damages  em¬ 
phasize  the  need  for  additional  flood  control  measures  at  Marshall. 

The  purpose  of  these  formulation  studies  is  to  review  the  operation 
of  the  existing  flood  control  project  at  Marshall  with  the  intent 
of  identifying  solutions  that  meet  the  study  objectives 
identified  early  in  this  study.  These  specific  objectives  are: 

o  Reduce  damages  from  flooding  along  the  Redwood  River  at 
Marshall  during  the  period  1980  to  2030. 
o  Contribute  to  water  and  winter  recreation  needs  for 
Marshall  during  the  period  1980  to  2030. 

o  Contribute  to  the  riverine  woodland  and  wetland  areas 
within  the  City  of  Marshall  for  ecological,  diversity,  and 
aesthetic  purposes  during  the  period  1980  to  2030. 

A  detailed  discussion  of  planning  objectives  and  criteria  is 
given  in  Section  D  of  Appendix  1  to  this  report. 

In  formulating  a  plan,  consideration  must  be  given  to  both 
structural  and  non-atructural  solutions  giving  due  consideration  to 
economic,  environmental  and  social  well-being  factors.  Preservation 
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and  enhancement  ut  study  area  natural,  cultural  anJ  teereational 
resources  are  also  considered. 


FORMULA  1  1  UN  V\U  I.VXI.UAi  ION  CK LI!  K 1  A 

In  the  formulut  ion  oi  al ternat i re  plans,  two  aa  i-u  objectives  re¬ 
lating  to  Federal  part  i  c  i  pat  i  on  m  hater  anti  re  1  at  >•  1  lar.d  resource 
prey  i  arts  hare  beet;  ..  •::>  idered. 

*  f.ni.  ir.cc  nat  lonal  e.onomt  dcveloj  meat  by  inc  reasing  the 
value  of  the  Nation’s  output  of  good-  .inJ  services  and 
improving  economic  efficiency. 

*  enhance  the  Hualitv  of  the  environment  by  the  manage¬ 
ment,  conservation,  preservation,  creation,  restoration 
or  improvement  of  the  quality  of  natural  and  cultural 
resources . 

To  meet  these  objectives,  each  alternative  is  analysed  on  a  "with" 
or  "without"  piaject  basis  and  is  developed  using  a  variety  of  tech¬ 
nical,  economic,  and  environmental  criteria.  Consideration  is  also 
given  to  the  effects  of  all  plans  considered  on  regional  develop¬ 
ment  and  social  well-being  of  the  affected  people. 
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TECHNICAL  CRITERIA 


Technical  data  such  as  hydraulic  and  soils  parameters,  design  re¬ 
quirements,  and  results  of  other  studies  made  for  project  designs 
and  cost  estimates  are  prepared  and  evaluated  according  to  Corps 
of  Engineers  regulations  and  accepted  professional  practice.  Both 
general  criteria  applicable  to  any  project  and  criteria  specific  to 
the  Marshall  area  were  considered  in  formulating  a  plan. 

General  Technical  Criteria  require  that  the  degree  of  protection 
be  the  maximum  practical  level  of  protection,  or  the  Standard 
project  flood  level,  if  feasible.  The  plan  must  be  complete  with¬ 
in  itself,  technically  feasible,  and  be  generally  in  concert  with 
water  and  related  land  resource  programs  of  other  interested  agencies. 
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Specific  Technical  Criteria  require  that  controlled  overflow  into 
the  Cottonwood  River  basin  commence  at  a  Redwood  River  discharge 
of  approximately  6,500  cfs.  Approximately  SO  percent  of  the  Redwood 
River  flow  in  excess  of  6,500  cfs  would  be  diverted  into  the  Cottonwood 
River  basin.  For  interior  drainage  designs,  these  criteria  require 
that  any  ponding  or  pumping  facilities  be  designed  to  minimize  adverse 
economic,  environmental,  and  social  well-being  effects  in  affected 
areas . 


ECONOMIC  CRITERIA 


The  selected  plan  to  insure  effective  operation  of  the  existing 
project  must  be  economically  justified  with  a  benefit  to  cost  ratio 
greater  than  unity.  Annual  costs  and  benefits  are  based  on  a  50- 
year  economic  life,  and  interest  rate  of  6  7/8  percent  and  price 
levels  and  conditions  existing  in  October  1977. 


ENVIRONMENTAL  AND  OTHER  CONSIDERATIONS 


Environmental,  recreational,  and  other  planning  criteria  involve 
consideration  of  the  public  health  and  safety,  social  well-being, 
and  quality  of  life  of  the  local  residents,  as  well  as  general 
public  acceptance  of  the  project.  Environmental  planning  criteria 
require  that  preservation  or  enhancement  of  area  environmental  re¬ 
sources  be  given  equal  consideration  with  economic  efficiency  in 
developing  and  evaluating  alternative  solutions. 
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Social  well-being  factors  considered  in  this  study  include:  possi¬ 
ble  loss  of  life  and  hazards  to  health  and  safety  of  area  residents; 
preservation  and  enhancement  of  social,  cultural,  historical,  and 
aesthetic  values  in  the  area;  air,  noise,  and  water  pollution;  in¬ 
jurious  displacement  of  people  and  businesses;  adverse  employment 
effects;  and  disruption  of  desirable  community  and  regional  growth. 

The  plan  must  fit  integrally  into  an  overall  plan  for  water  and  re¬ 
lated  land  resources  management  and  development  for  the  Upper  Missis¬ 
sippi  River  basin. 

POSSIBLE  SOLUTIONS 

Flood  damage  reduction  solutions  considered  in  this  study  pertain 
only  to  additional  measures  needed  to  assure  effective  operation  of 
the  existing  project  and  to  providing  flood  protection  to  down¬ 
stream  development  not  presently  protected  by  the  existing  project. 
Both  structural  and  non-structural  solutions  and  combinations  of 
both  were  considered  in  selecting  a  plan  of  improvement.  In  addition 
to  these  solutions,  the  consequences  of  doing  nothing  to  alleviate 
the  recurring  flood  problem  is  considered  as  a  base  from  which  to 
measure  the  impacts  of  positive  alternative  solutions. 

No  Public  Action  -  Plan  1 

This  alternative  represents  the  "without"  project  or  bsse  condition 
and  provides  for  continuance  of  the  existing  situation  at  Marshall 
without  any  further  local,  State  or  Federal  action  to  provide  addi¬ 
tional  measures  to  assure  effective  operation  of  the  existing 


project.  The  existing  situation  relating  to  flooding  at  Marshall 
is  represented  by  the  existing  federally-constructed  project,  flood 
warnings  by  the  National  Weather  Service  Forecast  office  in  Minne¬ 
apolis  of  impending  Redwood  River  flood  occurrences,  related  emer¬ 
gency  flood  fight  and  supporting  disaster  relief  activities  by  the 

City  and  other  government  agencies,  the  required  purchase  of  flood 
insurance  to  obtain  federally-supported  financing  for  building  in 

flood  prone  areas,  and  flood  plain  management  regulations  recently 
adopted  by  the  City  of  Marshall.  It  is  recognized  that  flood  warnings, 
it  timely  and  accurate,  tend  to  mitigate  flood  losses  and  are  essential 
to  public  safety. 

With  this  alternative  (see  table  1),  a  large  portion  of  the  highly 
developed  central  part  of  the  city  and  agricultural  lands  adjacent 
to  the  city  would  remain  vulnerable  to  extensive  flood  damages  dur¬ 
ing  major  floods  without  major  flood  fighting  efforts.  No  further 
public  action  would  thus  perpetuate  the  continued  burden  on  the  City 
in  terms  of  human  suffering,  hazards  to  public  health  and  safety  and 
the  required  inefficient  commitment  of  local  financial  and  manpower 
resources.  This  course  of  action  does  little  in  terms  of  permanent 
flood  damage  reduction  and  is  clearly  unacceptable  to  the  City.  There¬ 
fore,  this  alternative  was  not  considered  further  except  as  the  base 
condition  against  which  the  other  alternatives  are  compared.  Only 
the  continuance  of  flood  warnings,  the  enforcement  of  local  flood  plain 
management,  and  flood  insurance  programs  will  be  considered  further 
but  as  supplements  to  other  alternatives.  With  this  alternative,  aver¬ 
age  annual  flood  damages  of  $352,685  could  be  expected  to  periodically 
recur. 

Permanent  evacuation  -  Plan  2 

Permanent  evacuation  would  solve  the  residual  flood  problem  at 
Marshell  but  would  require  the  relocation  of  most  developments  in 
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the  city  including  over  1,100  residences,  over  200  businesses,  and 
several  churches  and  schools.  Roadways  and  utilities  would  remain 
as  needed  to  serve  adjacent  flood-free  areas  and  the  evacuated  areas 
which  would  be  converted  to  open-space  recreational  and  other  pub¬ 
lic  use  areas.  The  displacement  of  existing  development  in  addition 
to  being  totally  uneconomic  is  considered  impractical  and  totally 
unacceptable  to  local  interests  and  therefore  is  not  considered 
further. 

Permanent  evacuation  of  the  downstream  reach  was  considered  not  as 
an  alternative  to  the  existing  project,  but  rather  as  a  complement 
to  it  relative  to  evacuation  of  new  unprotected  development.  Evacu¬ 
ation  of  this  new  development  would  involve  the  removal  and  reloca¬ 
tion  of  eight  new  residences,  32  mobile  homes,  three  apartment 
buildings  of  33  units  each,  four  apartment  buildings  with  eight 
basement  level  units  affected  in  each,  and  seven  large  buildings  on 
the  college  campus.  Total  first  costs  for  this  alternative  are 
estimated  at  $20,000,000.  Comparison  of  average  annual  costs  and 
benefits  of  $1,526,300  and  $379,900  respectively  indicate  an 
unfavorable  0.3  benefit-cost  ratio  as  shown  on  table  1. 

Movement  of  the  apartment  and  college  buildings  would  be  physically 
impossible,  leaving  razing  the  only  alternative.  Even  the  temporary 
loss  of  the  buildings  from  the  State  Regional  College  campus  would 
place  a  severe  and  adverse  economic,  educational,  and  social  impact 
on  the  community,  region,  and  state.  Permanent  evacuation  of  the 
new  development  is  totally  unacceptable  to  all  concerned  interests 
and  therefore  not  considered  further. 

Partial  Evacuation  and  Flood  Proofing  -  Plan  3 

This  alternative  (table  1)  would  involve  partial  evacuation  of 
selected  downstream  reach  flood  prone  structures  together  with  flood 

proofing  measures  to  remaining  residential,  commercial,  and  public 
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structures  in  both  reaches.  Evacuated  areas  would  be  managed  as 
flood  damage-free  areas  in  accordance  with  local  flood  plain  manage¬ 
ment  regulations  that  are  in  effect  for  the  City. 

Partial  evacuation  measures  would  involve  the  relocation  of  all 
residential  structures  subject  to  flood  depths  greater  than  3  feet 
and  any  structure  not  considered  suitable  for  flood  proofing.  With 
this  alternative,  30  residences,  5  commercial  structures,  and  the  trailer 
court  in  the  downstream  reach  would  be  relocated  out  of  the  100-year 
flood  plain. 

Floodprcofing  measures  would  include  structural  changes  and  land¬ 
scaping  measures.  Structural  changes  to  the  basement  level  apart¬ 
ment  units  would  include  sealing  of  doorways,  windows,  and  other 
openings,  sealing  and  bracing  of  basements,  and  in  some  cases,  pro¬ 
vision  of  floor  drain  standpipes.  Structural  changes  to  the  college 
buildings  would  include  these  same  measures  plus  the  construction 
of  bulkheads  in  interconnecting  equipment  tunnels  and  placement  of 
valve  closures  in  drain  pipes  running  between  and  from  the  build¬ 
ings.  Sealing  of  the  ground  level  windows  and  other  openings  could 
probably  be  accomplished  but  only  with  the  remaining  threat  of  ex¬ 
tensive  damage  and  possible  health  and  safety  hazards  in  the  event 
of  failure  of  any  one  closure.  Seepage  into  these  units  would 
likely  be  a  problem  during  major  flood  periods.  Assuming  effective 
bulkhead  and  valve  closures,  water  damage  to  the  college  buildings 
would  be  minimized.  However,  extensive  electrical  failures  would 
still  be  possible  due  to  electrical  shorting  of  cables,  switches 
and  connections  in  the  cableways. 

Ibis  plan  would  significantly  reduce  potential  flood  damages  but 
only  at  excessive  economic  and  social  well-being  costs  as  shown  on 
table  1.  The  removal  of  the  much  needed  residential  and  apartment 
housing  from  areas  presently  zoned  and  developed  for  this  purpose 
would  have  a  major  adverse  long-term  effect  on  regional  education- 
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al  opportunities  and  established  community  patterns.  Local  interests 
clearly  do  not  favor  a  major  rearrangement  of  area  housing  and 
indicate  a  preference  for  a  more  positive  method  of  flood  protection 
for  the  college  campus.  Further,  it  is  accepted  State  policy  that 
permanently  habitable  space  below  the  regulatory  flood  elevation 
should  not  be  flood  proofed.  Similarly,  evacuation  and  flood¬ 
proofing  in  the  upstream  reach  would  be  totally  infeasible  since 
nearly  ajl  of  the  core  city  would  be  affected. 


Upstream  Reservoir  Storage  -  Plan  4 


Reservoir  storage  was  also  considered  as  a  possible  solution  to 
Marshall's  flood  problem.  The  only  practical  site  from  a  technical 
standpoint  is  located  in  Camden  State  Park,  about  8  miles  upstream 
of  Marshall.  Earlier  studies  made  in  support  of  the  existing  pro¬ 
ject  and  recent  preliminary  review  studies  show  that  a  single 
large  reservoir  would  probably  have  sufficient  storage  capacity  but 
would  be  economically  infeasible  and  environmentally  unacceptable. 
Estimated  average  annual  costs  and  benefits  of  $1,523,500  and 
$339,900  respectively  indicate  an  unfavorable  benefit-cost  ratio 
of  0.2  as  shown  on  table  1.  A  reservoir  in  this  regionally  im¬ 
portant  park  would  result  in  extensive  forest  resource  losses,  the 
loss  of  several  miles  of  canoe  stream  and  stream  fishery  and  major 
aesthetic  alterations. 

A  system  of  small  reservoirs  on  headwater  tributary  streams 
presently  under  consideration  to  solve  agricultural  flooding 
would  be  located  too  far  upstream  and  have  too  little  storage 
volume  to  provide  the  desired  level  of  flood  protection  for 
the  City  of  Marshall.  Thus,  for  these  reasons,  upstream  stor¬ 
age  via  a  single  large  reservoir  or  a  system  of  small  tributary 
reservoirs  is  dropped  from  further  consideration. 
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FLOOD  BARRIER  AND  CHANNEL  WORK  ALTERNATIVES  -  UPSTREAM  REACH 


Both  flood  barriers  and  channel  works  were  considered  as  additional 
upstream  reach  measures  to  permit  efficient  operation  of  the  existing 
project  as  designed.  It  became  clear  very  early  in  the  study  that  because 
of  inadequate  channel  capacity  and  topographic  and  other  constraints, 
neither  levees  or  channel  works  alone  would  achieve  the  desired 
solutions.  As  described  in  the  earlier  report  paragraphs  on  tech¬ 
nical  criteria,  overflows  of  the  Redwood  River  occur  naturally 
during  major  flood  periods  in  the  vicinity  of  the  Highway  23way- 
side  park.  Hydraulic  studies  subsequent  to  the  1969  flood  indicate 
that  approximately  50  percent  of  these  overflows  would  have  entered 
the  Cottonwood  River  basin  under  natural  (pre-existing  project)  condi¬ 
tions.  To  avoid  any  major  hydraulic  changes  to  the  existing  flood 
flow  pattern  at  Marshall,  all  upstream  structural  alternatives 
provide  for  continuance  of  these  overflows  via  diversion  works  at 
the  wayside  park. 


COMBINED  LEVEE  -  CHANNEL  WORKS  -  PLAN  5U 


This  alternative  would  enable  operation  of  the  existing  project  to 
provide  a  100-year  degree  of  protection  with  the  construction  of  levees, 
channel  widening,  bank  protection,  and  clearing  and  snagging  meas¬ 
ures  along  the  Redwood  River  between  the  existing  diversion  struc¬ 
ture  (mile  70.2)  and  the  upstream  study  limit  (mile  73.8).  An  over¬ 
flow  structure  with  attendant  outlet  channel  and  culvert  works  would 
be  located  at  the  wayside  park.  The  540-foot  long  overflow  struc¬ 
ture  would  divert  approximately  50  percent  of  flood  overflows  in 
excess  of  the  present  design  discharge  of  6,500  cfs,  or  a  maximum 
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Another  modification  (SU-mod.  3]  including  a  700-foot  long  cut-off 
along  with  the  600-foot  long  cut-off  would  further  reduce  the  chan¬ 
nel  length  and  provide  a  slight  reduction  in  levee  heights.  As  the 
increased  total  project  first  costs  of  about  $250,000  would  clearly 
not  be  commensurate  with  the  minor  benefits  gained,  this  modification 
is  not  considered  further. 

Modification  (SU-mod.  4  or  Executive  Order  11988  Plan)  would  eliminate 
all  right  bank  levees  downstream  of  those  required  to  maintain  proper 
operation  of  the  overflow  structure.  This  modification  would  also 
require  that  State  Highway  23  and  CSAH  7  be  raised  to  suitable  elevations 
such  that  they  would  act  as  flood  barriers.  This  would  create  an 
approximately  80  acre  triangular  ponding  area  which  would  keep 
flood  flows  from  bypassing  the  diversion  structure  and  flooding 
Marshall.  Due  to  the  additional  costs  that  would  be  incurred  due  to 
the  purchase  of  necessary  lands  and  costs  of  required  road  raises,  this 
modification  would  be  economically  infeasible  and  thus  was  not  considered 
further.  Detailed  discussion  of  this  alternative  including 
analysis  of  substitute  levees  in  lieu  of  the  road  raises  is  given 
in  Section  J  of  Appendix  I  to  this  report. 

Two  alternatives  were  considered  to  the  proposed  overflow  structure 
along  the  right  channel  bank  at  the  wayside  park.  The  first  would 
involve  lowering  of  State  Highway  23  in  the  vicinity  of  the  wayside 
park  to  permit  unimpeded  overflow  into  the  Cottonwood  River  basin. 
Downstream  channel  improvements  would  be  limited  to  insure  required 
river  stages  at  the  park  (overflow  area).  However,  limiting  the 
channel  measures  would  likely  result  in  severe  downstream  bank  ero¬ 
sion  and  potential  levee  damages.  In  view  of  these  adverse  effects 
along  with  possible  damage  to  the  highway,  traffic  disruptions,  and 
potential  overflow  inundation  damages  to  farm  properties,  this  mod¬ 
ification  was  not  considered  further. 

The  second  alternative  to  the  proposed  river  bank  overflow  structure 
would  involve  using  the  existing  Highway  23  embankment  as  a 
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of  850  cfs  at  the  100-year  Redwood  River  flow  of  8,200  cfs. 


The  plan  would  also  provide  for  minor  interior  drainage  measures, 
relocation  of  two  structures,  and  utility  relocations.  Plan  impacts 
and  total  first  costs  of  about  $1.7  million  are  9hown  on  table  1.  The 
plan  would  accomplish  the  desired  improvement  generally  in  accord¬ 
ance  with  the  desires  of  local  interests.  Thus,  it  is  carried  for¬ 
ward  for  further  impact  analysis  and  possible  combination  with  down¬ 
stream  improvements  to  develop  a  total  plan  for  the  area. 

Several  minor  modifications  to  plan  5U  were  considered  with  a  view 
towards  modifying  the  effects  of  the  considered  levees  and  over¬ 
flow  structure.  One  modification  (SU-mod.l)  suggested  by  local 
interests  would  involve  realignment  of  the  right  bank  levee  to  permit 
flood-free  use  of  a  10- acre  river  meander  area  located  just  up¬ 
stream  of  CSAH  7.  Although  this  modification  would  increase  total  plan 
SU  first  costs  by  about  $160,000,  it  is  carried  forward  for 
further  impact  and  trade-off  analysis  at  the  request  of  local  interests. 

Another  modification  (SU-mod.2)  would  substitute  a  600-foot  long 
cut-off  channel  in  lieu  of  a  4-foot  high  levee  across  the  river 
meander.  This  cut-off  channel  would  reduce  the  natural  channel 
length  by  1,900  feet  and  result  in  a  slight  lowering  of  the  levees. 

This  modification,  with  reduced  main  channel  works  and  bank  pro¬ 
tection  needs,  would  provide  a  net  saving  of  about  $50,000  in  total  first 
costs,  exclusive  of  financial  losses  to  the  property  owner  and  a 
flood-free  access.  Utilization  of  the  10-acre  area  would  be  hind¬ 
ered  as  access  across  the  channel  would  be  affected  by  backwater 
in  the  cut-off  channel  every  one  to  two  years.  As  this  modification 
is  of  questionable  economic  merit  and  lacks  local  support,  it  is 
not  considered  further. 
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controlled  overflow  wier  together  with  raising  of  a  driveway  east 
of  the  park  to  confine  overflows  to  the  park  area.  This  plan,  to¬ 
gether  with  considered  downstream  channel  improvements  would  actually 
result  in  lesser  overflows  into  the  Cottonwood  Basin  and  correspond¬ 
ing  increased  downstream  flows  through  Marshall.  Further,  any 
changed  downstream  channel  conditions  with  related  back  water  stage 
effects  at  the  park  overflow  area  would  make  overflow  control  ques¬ 
tionable.  In  view  of  these  problems,  potential  highway  embankment 
damages,  and  traffic  disruptions,  this  modification  was  not  consid¬ 
ered  further. 

FLOODWATER  DIVERSION  CHANNEL  -  PLAN  6U 

Consideration  was  given  at  the  request  of  local  officials  to  a 
flood-water  diversion  channel  between  the  CSAH  7  bridge  and  the 
Burlington  Northern  Railroad  Bridge.  This  4,200  foot-long  channel 
with  a  200- foot  top  width  would  pass  about  60  percent  of  the  design 
100-year  flood  flow.  In  addition  to  extensive  realigning  and  wid¬ 
ening  of  the  natural  channel  at  the  downstream  confluence,  extensive 
bank  protection  and  levee  works  would  still  be  required.  Seven  acres 
of  forested  land  would  be  required  for  this  plan.  Greatly  increased 
total  first  costs  of  about  $3.4  million  and  other  plan  impacts  are 
shown  on  table  1.  This  plan  would  accomplish  the  desired  flood  dam¬ 
age  reduction  along  the  upstream  reach  but  at  a  substantially  higher 
economic  and  environmental  costs  than  plan  5U.  However,  it  is 
carried  forward  for  further  impact  and  trade-off  analysis  at  the  re¬ 
quest  of  local  interests.  A  modification  of  this  plan  providing 
additional  by-pass  channel  capacity  was  also  considered  but  dropped 
as  added  benefits  did  not  compare  favorably  with  increased  project 
first  costs. 
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STRUC  I  URAL  A I  M  KNA  I  IVI.S 


DOWNSTREAM  REACH 


Alternative  downs t ream  reach  structural  measures  considered  as 
possible  solutions  together  with  the  previously  discussed  up¬ 
stream  works  include  channel  works,  levees,  combined  levee- 
channel  works,  and  combined  levee-highway  works  as  discussed  in 
the  following  paragraphs.  An  itemized  breakdown  of  economic, 
social,  and  environmental  impacts  for  these  alternatives  is  shown 
on  table  1. 

GUNNEL  IMPROVEMENTS  ONLY  -  PLAN  70 

Downstream  reach  channel  improvements  to  provide  a  100-year  de¬ 
gree  of  protection  to  bottom  land  cropland  and  scattered  rural 
farmsteads  was  quickly  found  to  be  both  technically  and  economica¬ 
lly  infeasible.  Thus,  channel  improvements  were  considered  only 
in  the  context  of  improving  the  operation  of  the  existing  project 
and  reducing  flood  damages  to  unprotected  urban  development. 

Considered  channel  improvements  would  include  channel  widening  be¬ 
tween  river  miles  64.63  and  66.3  and  a  1,300-foot  long  channel  cut¬ 
off  between  65.47  and  65.94.  Clearing  and  snagging  would  be 
accomplished  along  the  entire  reach  downstream  to  the  State  Highway 
23  bridge  (mile  58.3).  Riprap  bank  protection  would  be  provided 
at  two  bends  to  prevent  erosion  of  channel  banks  and  possible  dam¬ 
age  to  County  Road  67.  Estimated  total  first  costs  would  be 
$303,000. 

These  channel  works  would  provide  only  a  minor  reduction  in  flood 
damages  to  flood-prone  urban  development.  The  upstream  portion  of  these 
works  would,  however,  mitigate  the  slightly  increased  river  stages  due 
to  increased  flows  from  the  upstream  reach  works.  In  view  of  the 
limited  benefits,  and  the  potential  adverse  environmental  effects, 
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particularly  in  regard  to  transient  birdlife,  occasionally  util¬ 
izing  the  nearby  river  bottom  woods,  channel  improvements  were 
not  considered  further  except  in  combination  with  downstream 
levee  works. 

HIGHWAY  ALIGHMEN1  LEVEE  -  PUN  8D 

This  alternative  would  include  a  7,600-foot  long  levee  extending 
a  considered  highway  alignment  (approved  system  route  FAS  6072) 
from  high  ground  near  Sth  Street  and  Hudson  Avenue  to  high  ground 
near  the  Highway  23  embankment.  Also  included  would  be  a  450-foot 
long  levee  along  the  right  channel  bank  upstream  of  the  downstream 
confluence  with  the  diversion  channel  and  a  low  200-foot  long  le¬ 
vee  to  bridge  another  low  right  channel  bank  area.  Other  works 
would  include  a  7 -acre  interior  drainage  ponding  area  with  atten¬ 
dant  ditch  and  outlet  works  and  a  temporary  sandbag  closure  across 
4th  Street  (County  67).  These  plan  measures  would  result  in  more 
efficient  operation  of  the  existing  project  and  provide  a  adequate 
degree  of  protection  to  presently  unprotected  downstream  reach  de¬ 
velopment  . 

Estimated  total  first  costs  of  $347,600  and  other  plan  impacts  are 
shown  on  table  1.  Since  this  plan  provides  the  desired  degree  of 
flood  damage  reduction,  is  incrementally  feasible  as  indicated  by 
a  2.S  benefit-cost  ratio,  and  is  generally  acceptable  to  local  in¬ 
terests,  it  is  carried  forward  for  detailed  impact  and  trade-off 
analysis. 

COMBINED  HIGHWAY-LEVEE  -  PLAN  9D 

This  alternative  was  considered  at  the  request  of  the  City,  which 
in  conjunction  with  Lyon  County,  is  considering  a  possible  highway 
by-pass  around  the  northern  part  of  the  city.  This  by-pass  around 
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the  west  and  north  sides  of  Marshall  would  include  approved  routes 
FAU  5764  and  FAS  6072.  Route  FAS  6072  would  extend  from  the  vicin¬ 
ity  of  the  junction  of  the  diversion  channel  and  natural  river  (mile 
66.1)  easterly  to  U.S.  Highway  23  as  shown  on  plate  1.  This  plan 
would  include  a  combined  highway-levee  embankment  along  much  the 
same  alignment  as  for  plan  8D.  Required  flood  control  measures 
would  be  similar  to  those  of  plan  8D  but  excluding  the  200-foot  long 
levee  and  sandbag  closure.  The  Federal  first  costs  for  flood 

control  would  be  limited  to  the  equivalent  levee  cross-section  re¬ 
quired  together  with  the  400- foot  levee  and  needed  interior  drainage 
works.  As  this  alternative  is  favor  <*  to  the  City,  it  is  also 
carried  forward  for  additional  impact  a.,d  trade-off  analysis. 

COMBINED  LEVEE-CHANNEL  WORKS  -  PLAN  10D 

Consideration  was  given  to  combined  levee-channel  measures  to  fur¬ 
ther  reduce  flood  stages  and  required  embankment  heights.  This 
plan  would  include  channel  works  (Plan  7D)  together  with  the  high¬ 
way  alignment  levee  (Plan  8D)  and  reduce  required  levee  heights  by 
about  one-half  foot.  Interior  drainage  requirements  would  be  the 
same  as  for  plan  8U.  Construction  of  the  channel  widening  measures 
would  require  removal  of  an  existing  right  bank  levee  and  replace¬ 
ment  of  the  200- foot  long  levee  with  an  850-foot  long  levee  of 
slightly  higher  height.  Total  plan  first  costs  of  $580,800  and 
other  plan  impacts  are  shown  on  table  1.  Average  annual  incremen¬ 
tal  first  costs  for  the  channel  works  of  $22,000  when  compared  with 
incremental  average  annual  benefits  of  $11,400  indicates  that  add¬ 
ition  of  the  channel  work  is  not  economically  feasible.  Further, 
this  alternative  would  have  a  greater  adverse  effect  in  terms  of 
vegetative  and  habitat  losses  due  to  channel  bank  clearing  and  re¬ 
shaping  . 

EXECUTIVE  ORDER  11988  AND  EXECUTIVE  ORDER  11990  ALTERNATIVES 

Additional  alternatives  prepared  in  response  to  Executive  Orders  11988 
and  11990  are  presented  in  Section  J  of  Appendix  I  to  this  report. 
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habitat . 


Minor  jeng-tei 
-’ab't.at.  short 
due  to  inerts* 
st ruction.  Per 
habitat.  Pan 
cropland. 


Ha  or  gam  m  >per  Moderate  gam  in  ipen- 

spact.  park,  and  green  space,  park, and  green 
belt  area.  belt  area. 


Major  visual  and  >  n- 
changes  ir  esi  .ting 
State  Par*  -ith  >.r-i 
t  ion  of  i  1  arg-t  1  a  e 


Permanent  vise 
impaired  acces 
where  levee*  { 

lot'  . 


Ho  known  Effect 


Ho  Known  Effect 


Hot  Evaluated 


Loot  .nurd  decrease  »l'u 
to  unchecked  channel 
bank  erosion. 


1  r  re^  *r  *•  ib.  c  *j*a.rmen'.  s  of 
kescijr:**-  *v  )  ntnir  Jse 


-Temporarily  reduced  air  duality  during 
relocation  and  reconstruction  period. 


Major  short -tare  increase  in  noise  level*  during 
demolition,  relocation,  and  reconstruction  period 


Short-tern  (4-S  vr  i  in¬ 
crease  :n  smoke.  Just, 
and  combustion  p ru i-jc t > 
during  reservoir  clear¬ 
ing  \  protect  construction. 

Possible  » low  degrada¬ 
tion  of  lake  water  qual¬ 
ity  over  project  life, 
beneficial  effect  st  Mar¬ 
shal  1  due  to  reduced  sedi 
„  mant  loads. 


<hort-tem  (2 
and  combust ioi 
project  const] 


-Major  increase 
ing  and  shortly 
term  laprovemei 
stabl  I  net  ion  . 


Temporary  increase  during  const ru< 


Ho  significant  affect 


fuel,  material*,  and  Fuel,  materials,  and  Several  acres  of  forest- 

land  for  demolition  land  for  floodproofing  ed  state  park  land  and 

and  reconstruction  at  measures  and  reconst  rue  -  fast  (loving  stream  lost 

new  sue.  t ion  at  new  site.  to  reservoir  development. 

Materials  for  construction  i 
embankment .  access  road  and 
maintenance  fact  1  ties. 

Pamanwnr  removal  of  *artial  removal  of  most  Permanent  loss  of 
hundreds  of  reside  .  iverely  flood  prone  state  par*  facilities 

and  buatnas*  structures  jtructure*.  in  the  reservoir  area. 


One  house  vou. 
located  a  shoi 
Four  othar  wo» 
somewhat  affes 
tha  close  proi 
considered  f 
Other  flood  pi 
mould  be  sign; 
susceptible  t< 
flood  damage . 


natural  resources 


Continued  at  re  auk 

arms  ion,  high  turbidity 


Soma  portion  of  evacuated 
area  could  revert  to  a 
near  natural  stata.  Seme 
aetural  grass  could  be 
adversely  affected  by 
relocated  development. 


Possibly  adverse  Permanent  loss  of 

effects  to  natural  miles  of  free- flowing 
resources  vegetation  stream  due  to  iniustde- 
wildlife  -  lm  tion  by  reservoir. 

mew  flood  free 
development  area. 


?'.*?**.  tot  flood  control  works  same  as  for  plan  TO, 
— io  new  unprotected  development  only. 


Permanent  loss 
•bout  4.:  men 
of  woodland. 


tit*  ~*s 


I**  .H  utumtW 


t*LV>  4 


*’nre»ne»iT  lci4«  jf  .*4 

'TJ.  »CT*»  Of  for*  I 

understi  n  cover  K*-  , 
:«>  uultu  o' 

and  jrtrinJ  reserve,  r 
■tit*  "irk 

I»*eiv  conversion  f 
presr*^  .  ;*i  t  ed  t.ean 
f  .  sne.-v  *0  lake  f-.'ht’ 
l»i4  4  f  valuable  ( «f 
ind  o»*ier  v««  i ;  ^uau 
Hof l Tit . 


Major  .  4u»l  inti  j  h* 
-fVinj»4  ,r  exist  tr»f 
\  State  r»n  with  cr-a 
»  ,i»n  of  a  .  arge  .*  e. 

Vl  fsaluated 


T4TS|\M  »»tjr_ 

PLAS  Ml 

•v»r  Hoodweter 

r  i »  l'i»#r*i'W  'hannel 


I0*f 4STRF.  AM  RtM.H  INLY 


Highway  Alignment 
Levee 


blned  Highway 
Levee 


.oabtned  Levee  - 
rhannc  I  *or*s 


•  •  r  r*f t  .  a.  and 
n  » 

•  ;  r  *rf*d  hannel 


?er%anen*  lo*s  *f  ’ 

«<  re*  if  fort-  T  .*»ver 
’e**r*orarv  1044  «f 
fn«i»Kl  ovfr  along 
levee*  ji(:1  re*eed;ng 

i  4  fitibl  itiiad 


Temporary  io\%(4  *o  » 
year*.*  of  ground  *ovrr, 
\Krub4  along  .*  eiiex  ol 
river  oark.  Permanent 

*o»4  0|  aiturr  tree* 

along  river  in  the  ?i 
c  ins  tv  of  channel  moo 
ilKlt  ions. 


rsporarv  io\»  of  about 
•<.h  teres  of  jpland 
jraitct.  forts,  »hnib* 
and  a  fe«  tafure 

'  re*  4 


Tempo rarv  1 044  of  about 
4 .  I  acre*  of  oat i  ve 
gra**e*.  4 h rub 4  and  a 
few  scattered  tree* 


Temporary  vegetative 
gro’ind  cover  losses 
along  levee  areas 
Permanent  lo*s  air-n? 
riprapped  channel 
bank  areas 


*.  :  Term  adverse  effect  on  riparian 

t  :  ±'  • "  .*  r  t  Term  :  season.  advers.  effect 

.. '  *.  -.»r»*4ed  sir«Ai  tutbldily  iur.ng  ^on- 

•v  <v* .  n  < ermanent  lata  of  wooded  wild  life 
*  * "  4 1  f#rman«nt  loss  jf  IS.  I  acres  of'  tilled 

f  •  p  1  and  . 


Tempcriry  and  long  term  —  T>wpor*-v  disruption  of  imail  mams  l  ,iao- 
ter*  disruption  Jt  small  ;tat .  P-«rminent  lo*-.  of  19  *i  res  o*  ?illf 
aammal  habitat  along  re-  .roplan.:. 
worked  river  banks  and  chan¬ 
nel  cutoff.  Short  term  *ever*e 
effect  on  limited  area  1 : ihwrr 
due  to  increased  turbidity.  Tern- 
P«  rarv  adverse  effect  to  transient 
birdlife  utllUm*  wood*  .long 
river  as  a  resting  place. 


Short  - 1 erm  adve  r*e 
effect  to  stream  fish 
erv  and  other  aouat ; 

Ilf*  due  to  increased 
turbi Jit v  and  tedi - 
•ent  at  ions  Long-term  1* 
of  small  mammal  habit  it 
the  vic.nitv  )f  whannel 
modi ficat ions . 


r  rvunvn*  .  .  >ual  changes  and  slight  l  v 
«r aired  access  to  river  st  '  location* 
if  ere  levee*  oa*'  through  residential 


Long-term  change*  in  .  Moderate  visual  change  to  natural  setting  with  completion 

area*  where  channal  uat  u>n  of  le\ee  and  VO  acre  ponding  area 

take*  place. 


No  known  effect 


Ho  Effect  %,  effect 


No  effect  Ho  effect 


Short  term  (4-S  vr  >  i>  ‘■'hurt  Term  f2  vr* .  )  increase  in  dust  -- 

v  re  as*  .n  smoke,  th**r  .  and  natou'tion  product  level*  during 

and  combustion  profract  pn-eit  construction 

during  reservoir  dear 
mg  l  project  construction. 

hiii.kle  » 1  ow  degrade  -Haior  increase  in  stream  lurbiditv  dur- 

1  tor  of  lake  water  quel  mg  and  shortly  after  construction.  Long 

it<  over  project  life.  term  improvement  due  to  channel  bank 

beneficial  effect  at  Mar  *t abi 1 1  fit  ion 
shall  due  to  reduced  *ed 1 
meat  loedt. 

in* 

nod  . Temporary  imere***  during  construction  period  . 

Several  acres  ef  fttrest . bierfy  resources  eipended 

I  ed  state  par*  land  amd  during  construction. 

it  ■  fast  flowing  stroma  lost 
te  reeenmir  development 
Material*  for  oons t n*  ?  u>n  of 
emftanlmrsT  .  accees  road  and 
memtemamce  facil  ties. 


r  Permanent  leas  of 

state  par*  facilities 
in  the  reservoir  ares 


One  house  would  be  re-  Same  as  Plan  SU 

located  a  short  distance. 

Four  other  would  be 
somewhat  affected  by 
the  close  proximity  of 
considered  flood  harriers. 

Other  flood  promo  structure* 
would  be  t lgniflcamtly  teat 
susceptible  to  recurring 
flood  darned# . 


Permanent  less  of 
Mias  of  froo-flowimg 
em  stream  dm#  to  inmumdi 
tion  by  reeorvoir. 


Slight  increase  in  lust  and  combustion  products  during  and  for  a  *i»ort  time  after  - 
two- season  const  rue • ion  period. 


Ma)or  increase  in  stream  No  effect 

No  effect 

Significant  increase  in 

turbidity  level*  during 

stream  turbidity  and 

construction  period. 

sedimentation  during 
and  shortly  after  chan¬ 
nel  construction  work 

. . —  Temporary  increas*  during  construction  period  . 

Energy  resources  used  -  —  Energy  *esources  and  reinforced  concrete  used  for 
for  construction.  project  onstruct ion . 


Ho  significant  effect 
ether  than  raising  and 
widening  one  bridge. 


Major  beneficial 
effect  to  college 
complex  with 
increased  level 
of  flood  protect¬ 
ion. 


K  considered  feeder  highway 
could  be  effl. lemtly 
integrated  with  the  con¬ 
sidered  levee  embank¬ 
ment. 


Same  as  Plan  ID 


Permanent  loss  of 
about  4.2  acres 


Permanent  loss  of 
shout  7  acres  of 
fores tod  area. 


Permanent  loss  of  Mo  significant  effect  to 

*out  0.10  acres  of  natural  resource* 
channel  bank  woodlands. 


Same  as  Plan  90 


Same  as  Plan  10 


ALTERNATIVES  CONSIDERED  FURTHER 


Of  the  upstream  reach  alternatives  considered,  only  the  combined- 
levee  channel  works  plan  (SU)  and  the  floodwater  diversion  channel 
plan  were  considered  for  detailed  impact  analysis.  A  minor  mod¬ 
ification  of  plan  5U  to  include  protection  of  an  additional  10-acre 
area  via  realignment  of  the  project  levee  was  also  carried  forward. 
This  impact  analysis  clearly  showed  that  of  the  two  basic  plans 
(plans  SU  and  6U),  plan  5U  provides  the  most  cost  effective  solution 
and  is  the  least  aesthetically  and  environmentally  disruptive. 
Further  analysis  also  indicates  that  protection  of  the  10-acre 
meander  area  would  be  technically  feasible,  locally  acceptable 
but  economically  unjustified. 

Of  the  downstream  reach  alternatives  considered,  the  highway  align¬ 
ment  levee  (plan  8D)  and  the  combined  highway-levee  (plan  9D)  were 
examined  further.  In  addition,  limited  channel  widening  measures 
are  also  considered  with  both  plans.  Both  plans  would  be  tech¬ 
nically  and  economically  feasible  from  a  flood  damage  reduction 
standpoint.  The  combined  highway-levee  plan  would  require  about 
20  more  acres  of  cropland  and  result  in  slightly  higher  vegetative 
and  habitat  losses.  Although  initially  suggested  by  the  City  as  a 
possible  efficient  combination  of  projects,  it  is  believed  that 
the  required  planning  and  designs  for  the  highway  would  not  be 
completed  in  time  to  achieve  a  combined  project  assuming  approval 
and  normal  Federal  funding  of  any  recommended  flood  control  works. 
Since  the  proposed  levee  follows  the  proposed  highway  alignment, 
it  could  later  be  incorporated  into  the  proposed  highway  without 
major  modifications  of  the  flood  control  project  features. 
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CONTRIBUTIONS  Of  Al  1 1  RNATlVf  S  K,  NATIONAL  OBJECTIVES 

To  achieve  a  balanced  plan  Tor  flood  control  while  maintaining  and 
enhancing  the  natural  cm  1  romner.t  ,  separate  plans  were  developed. 

The  first  optimises  national  economic  efficiency  while  the  second 
provides  for  achieving  the  principal  flood  damage  reduction  objec¬ 
tive  while  emphasizing  the  environmental  quality  objective.  These 
separate  plans  weie  then  analyzed  via  a  trade-off  analysis  of  plan 
impacts  to  achieve  a  compromise  or  selected  plan. 

National  l.cononnc  I'eve  1  opment  (Nl.lJ }  1'lan  -  The  NED  plan,  from  a 
national  viewpoint,  must  reflect  the  best  return  on  any  investment 
of  economic  resources.  1  ram  the  foregoing  analysis,  the  NED  plan 
tor  the  upstream  reach,  would  hi  plan  SU  incorporating  levees,  overflow 
diversion  works  and  channel  improvement  measures.  Similarly  for 
the  downstream  reach,  j  Ian  8D  together  with  limited  channel 
widening  measiwt s  provides  the  most  economical  method  of  obtaining 
effective  operation  ot  the  existing  project  and  providing  a  100- 
year  degree  of  protection  to  unprotected  urban  development.  Thus, 
f,.i  the  entile  proje.t  aiea,  the  overall  ML)  plan  would  include  plan 
SU  togethei  with  plai.  sD  and  accompanying  channel  works. 


En v i ronmen t a  1  Quality  p T-Qj  Elan  -  Since  all  the  alternatives  consid¬ 
ered  were  formulated  based  on  satisfying  the  specific  flood  damage 
reduction  objective,  and  the  EL{  plan  must  also  satisfy  this  objec¬ 
tive,  the  EQ  plan  will,  with  relatively  minor  alteration,  be  among 
the  alternatives  considered.  Working  within  the  context  of  a  frame¬ 
work  environmental  quality  objective  plan,  which  was  initially  least 
disruptive  to  the  environment,  measures  were  added  incrementally  to 
develop  the  most  acceptable  and  environmentally  beneficial  plan. 
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From  an  analysis  of  the  alternatives  considered  further  for  flood 
damage  reduction,  it  was  determined  that  the  overall  EQ  plan  would 
inc lude . 

For  the  upstream  reach  --  Plan  SU  incorporating  added  measures  in¬ 
cluding  relocation  and  reshaping  of  the  flood  barriers  at  nearby 
residences  to  minimize  adverse  aesthetic  effects,  tree  and  shrub 
plantings  at  selected  locations  along  the  levees  and  surface  treat¬ 
ment  of  the  overflow  weir  to  blend  it  into  the  park  setting.  Also 
included  would  be  the  controlled  disposal  of  waste  excavation,  trees, 
brush  and  debris,  deletion  of  clearing  and  snagging  measures  other 
than  at  riprapped  ir  widened  channel  areas;  and  management  of 
residual  flood  plain  areas. 

For  the  downstream  reach  -  Plan  8D  together  with  channel  widening 
measures,  tree  and  shrub  plantings,  and  flood  plain  management 
measures  for  residual  unprotected  areas  is  selected  as  the  EQ  plan 
as  well  as  the  NED  plan  for  the  downstream  reach  since  it  would 
have  no  significant  adverse  effect  on  the  natural  and  cultural  set¬ 
ting  while  still  satisfying  the  flood  damage  reduction  alternatives. 

Both  the  NED  and  EQ  plans  would  also  include  a  recreational  trail 
system  and  related  facilities  along  the  rights-of-way  needed  for 
flood  control  measures.  The  proposed  trail  and  other  facilities 
are  desired  by  local  interests  no  matter  what  type  of  flood  control 
measures  are  considered. 


SELECTING  A  PLAN 

Of  the  alternatives  considered,  all  but  one  total  plan  for  Marshall 
have  been  eliminated.  The  selected  plan  reflects  only  minor  trade¬ 
offs  from  the  NED  plans  and  in  this  instance,  is  also  the  EQ  plan. 
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In  summary ,  the  Selected  Plan  includes:  upstream  reach  plan  5U 
without  the  major  clearing  and  snagging  measures  but  including  the 
levee  reshaping,  relocations,  aesthetic  measures,  and  management  of 
residual  flood  plain  areas,  downstream  reach  plan  8D  with  accom¬ 
panying  channel  widening  and  t lood  plain  management  measures  and 
recreational  measures  along  both  reaches.  The  characteristics  of 
the  selected  plan  have  been  evaluated  according  to  the  Federal 
Water  Resource  Council's  planning  objectives.  A  summary  of  selec¬ 
ted  characteristics  for  the  selected  and  f.Q  plan,  along  with 
similar  ones  for  the  NT.l)  plan  is  given  in  table  2.  A  detailed 
account  of  plan  characteristics  for  the  selected  plan  is  given  in 
table  D -  4  of  Section  D  of  Appendix  1. 

The  selected  plan  provides  the  most  cost-effective  solution  for 
assuring  effective  operation  of  the  existing  project  and  provides 
the  most  feasible  means  of  flood  protection  to  unprotec  ted  downstream 
reach  urbanized  development.  Of  the  viable  solutions  considered 
in  terms  of  flood  control,  the  selected  plan  would  result  in  the 
least  adverse  environmental  impact  in  terms  of  required  lands, 
vegetative  losses  and  related  effects  on  fish  and  wildlife  habitat. 
Minimal  (one  family)  displacement  of  people  would  occur.  In  this 
one  instance,  a  house  would  be  moved  only  a  short  distance  on  the 
same  property.  Thus,  the  environmental  quality  and  social  well¬ 
being  objectives  are  best  satisfied  with  this  plan.  Local  interests 
have  indicated  at  various  meetings  that  the  selected  plan  is  ac¬ 
ceptable.  For  these  reasons,  a  total  area  plan  incorporating  the 
modified  upstream  reach  plan  SU  as  described  in  the  proceeding 
paragraph  together  with  downstream  reach  plan  8D  (also  described  in 
proceeding  paragraph)  and  various  recreational  facilities  is  selected 
for  detailed  designs  and  recommendation. 
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Table  2  -  System  of  Accounts 


Summary  Comparison  of  Alternatives 


NED  Plan _ HQ  and  Selected  Plan 

1.  Plan  Data 

Structures  Levees,  channel  Levee,  channel  works, 

works,  overflow  overflow  weir,  culvert 

weir,  culvert  works,  ponding  area, 

works,  ponding  aesthetic  measures, 

area. 


Additional  land 


119.8  acres 


119.8  acres 


Non-structural  components 


Management  of  resi-  Management  of  resi¬ 
dual  flood  plain  dual  flood  plain 
areas .  areas . 


2 .  NEoi/ 

Beneficial  (Ann. Benefits) 
2/ 

Adverse  (Ann. Costs)  — 

Net  (Benefits) 


$260,800 

156.300 

106.300 


$260,800 

160,600^ 

100,200 


3.  EQ 

Water  quality 


Temporary  increase 
in  turbidity  long¬ 
term  decrease. 


Temporary  increase 
in  turbidity.  Long 
term  decrease. 


Recreation  and  open  space  Added  recreational 

opportunities  with 
trail  system  and 
other  facilities. 


Additional  recrea¬ 
tional  opportunities 
with  trail  system 
and  other  facilities. 


4.  R.D. 

Project  area  Beneficial  effect  Same  as  NED  plan. 

with  protection  of 
regional  State  Col¬ 
lege  facilities  and 
improved  prospects 
for  Marshall's  stand¬ 
ings  as  regional  trade 
and  service  center 


3S 


jtJI 


t 


i  to 


■'iblf-  J  >y  ,,t  '  .  .  I,  .nil  mill'll  ) 


ry  *  .... iti  or,  <.t  .5licn.il  ices 


’•1  !i  Plan  IQ  ;md  ‘'elected  Plan 

‘■Mi 

1  •■  >  d  s  1  •  •  > > •  1  risk  K'  Jiki'J  I  I  n.il  dam  Same  as  NHD  Plan 

iges  t  o  put  I  i  >  ,  v  am 
ne  re : a  1 ,  uid  1 1 ■  s  i 
dential  .ie .  e  !  op-  ent . 


1/ 


Present  condition  flood  damage  redaction  benefits  only. 

Excludes  annual  costs  for  purchase  of  floodway  lands  as  purchase 
j  .would  be  common  to  all  upstream  reach  structural  alternatives. 
-'Increased  costs  for  levee  widening  and  landscaping  measures. 


S  C  A  !.  t  OF  D  t  V  L  L  0  P  M  i  N  T 


1 1*  >:•  til  t  >  ,-t  1 1  .  <  1  ••  ti"n,  annual  costs  and  benefits 

«<  :  i  e.al.i  it*  .3  I  t  he  all  ii.il  ,  li"i  •  .if,  I  *0  year,  dOO  -year,  and 
>’  _.  c  1 1  t  ;  i  1  •  'll  ,yt  •  I-M!.  |<  1  at  l,-n*htp  between  average 

.•  ‘..in  1  • ;  ■  and  1  ■  f  ;  t  *>  c.x  I  •  t  •  t  i  a  !  ■  :  y  •  a  i  level  of  protection. 

i : !  -  *  t  *  >  it;  in.il.'is  of  int  t  i  --st  i.itr.  vaiying  over  time  versus 
i  *  in  tit  v  est  ratiis  for  various  le.els  of  pi  otect  i»n  v.is  made  to 
det  i-i  mine  the  l  i  ti. ;  t  s  of  economic  feasibility.  Ibis  analysis  (see 
•  «  ct  i<*n  U  of  \p,  ,  n.iix  I)  indicated  that  the  maximum  feasible  level  of 
j  roti-ct  ion  or  bt  nef  1 1 -cost  ratio  greater  than  1.0  would  be  about  the 
1  Ml  year  level  .it  an  8  3/8  percent  interest  rate.  Provision  of 
the  added  inclement  of  [retortion  between  the  133-year  and  ISO-year 
flood  levels  would  lesult  ill  ••  i  gn  i  f  l  c  ant  1  y  increased  total  Federal 
and  null -Federal  first  costs  of  *1,040,001). 


Provision  of  a  standard  project  level  of  protection  would  require 
major  additional  works  including  joad  and  driveway  raises  and  the 
relocation  of  numerous  residents  and  businesses  in  the  downtown 
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area  to  accommodate  needed  flood  burners  and  interior  drainage 
works.  An  SPF  level  of  protection  is  clearly  infeasible  as  indicated 
by  a  0.7  benefit-cost  ratio. 

Huth  an  assumed  levee  failure  at  the  Sl’F  flow,  several  hundred 
commercial  and  residential  structures  would  be  adversely  affected  in 
the  city.  However,  as  nearly  all  proposed  levees  along  both  study 
reaches  would  be  relatively  low  (4  to  5  feet  average  height)  and 
overbank  velocities  would  he  less  than  one  foot  per  second,  the 
potential  for  loss  of  life  is  not  considered  great.  To  assure  that 
no  SHF  level  flows  would  overtop  flood  barriers  and  enter  the  city, 
two  feet  of  freeboard  above  the  Sl’F  flood  level  would  be  provided 
along  the  right  bank  levee  between  the  existing  diversion  structure 
(mile  70.5)  and  proposed  overflow  works  at  the  State  Highway  23 
wayside  park. 

After  review  of  the  draft  feasibility  report,  the  City  has  stated 
(See  April  1978  letter  from  City  in  Appendix  2)  that  a  SPF  level 
of  protection  would  be  unrealistic  and  unacceptable.  By  letter  of 
21  February  1979  (See  Appendix  2)  the  City  also  indicates  that 
"the  ...  133-year  level  of  protection  would  still  be  a  most  acceptable 
level  of  protection"  and  that"...  the  additional  work  and  cost  involved 
do  not  warrant  the  relatively  small  degree  of  additional  protection..." 
between  the  133-year  and  150-year  flood  levels.  Thus,  based  on  the 
optimization  and  sensitivity  analysis,  consideration  of  the  impact 
of  a  SPF  levee  failure,  and  views  of  the  City,  a  133-yaar  degree 
of  protection  is  selected  as  the  appropriate  level  for  project 
designs  and  estimates. 
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THE  SELECTED  PLAN 

This  section  of  the  report  describes  t He  plan  of  improvement  as 
seleited  in  the  previous  section  on  plan  formul at  ion.  In  addi¬ 
tion  to  the  ba^ic  plan  description,  all  meaningful  effects,  both 
beneficial  and  adverse,  are  identified  and  discussed.  Pertinent 
information  concerning  design,  construction,  and  operation  and 
maintenance  is  also  presented  to  provide  the  reader  with  a  broader 
understanding  of  the  technical  aspects  involved  in  plan  implcmenta- 
t  ion. 

PLAN  DFSCRIPTIONI 


The  plan  of  improvement  to  provide  additional  measures  to  assure 
effective  operation  of  the  evicting  project  and  to  provide  pro¬ 
tection  to  unprotected  downstream  reach  urbanized  development  are 
discussed  sepal ately  for  the  upstream  and  downstream  study  reaches. 
Also  discu'-ced  briefly  are  the  proposed  recreational  facilities. 

The  general  plan  of  improvement  is  shown  on  plates  1  and  2. 

Upst  ream  reach  improvement  s  would  consist  of  levees,  channel  im¬ 
provements,  a  gabion  channel  drop  structure,  an  overflow  diversion 
structure  with  attendant  outlet  channel  and  culvert  works,  road 
raises,  two  temporary  sandbag  closures,  minor  interior  drainage 
works,  relocation  of  structures  and  utilities,  aesthetic  treatment 
measures,  and  management  of  residual  flood  plain  areas  in  accordance 
with  adopted  flood  plain  management  regulations.  Preservation  of 
the  71.1  acre  area  upstream  of  CSAH  7  as  project  floodway  is  required 
to  prevent  encroachments  in  the  area  which  would  increase  flood 
stages  with  possible  adverse  effects  to  the  right  bank  levee  and 
impaired  operation  of  the  overflow  works. 
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Upstream  reach  levees  would  include  a  2,260-foot  long  levee  extending 
along  the  left  bank  from  the  existing  diversion  structure  to  the 
Burlington  Northern  Railroad  embankment.  Levee  heights  would 
range  from  4  to  7  feet  for  an  average  of  5  feet.  A  1,660-foot 
long  levee  with  an  average  height  of  4  feet  would  extend  along  the 
left  overbank  from  the  proposed  gabion  control  upstream  to  high 
ground  as  shown  on  plate  1.  The  left  bank  levee  would  have  a 
10-foot  top  width  and  1  on  3  side  slopes  except  at  the  riverside 
residences  located  just  upstream  of  CSAH  7.  At  this  location  the 
landward  levee  slope  would  be  variable  or  warped  as  needed  to  blend 
it  into  the  adjacent  setting. 

Right  bank  levees  would  include  a  6,350-foot  long  levee  with  an 
average  height  of  5.5  feet  extending  from  the  existing  diversion 
structure  upstream  to  the  State  Highway  23  embankment  at  the  way- 
side  park.  This  levee  would  provide  2  feet  of  freeboard  over  the 
SPF  flood  level  to  preclude  overtopping  of  the  levee  during  flows 
exceeding  the  design  flood  level.  Right  bank  levee  works  would  also 
include  a  short  levee  and  road  raise  extending  from  the  proposed 
overflow  diversion  to  high  ground  as  shown  on  plate  1. 

A  45-foot  long  temporary  sandbag  closure  at  the  upstream 
terminus  of  this  levee  would  provide  free-board  to  contain 
the  133-year  flood  with  3  feet  of  freeboard.  A  100-foot 
long  temporary  sandbag  closure  would  be  provided  as  needed  across 
Highway  23  at  the  east  end  of  the  wayside  park  to  prevent  SPF 
level  flows  from  leaving  the  park  area.  Proposed  channel  Im¬ 
provements  would  include  realignment  of  the  channel  for  a  distance 
of  about  500  feet  to  alleviate  the  sharp  river  bend  just  upstream 
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of  the  i  '.Ai i  •  bridge  Other  channel  work.-.  would  include  about 
3,300  feet  of  channel  widening  along  three  rncr  reaches  to  obtain 
bottom  widths  ranging  from  43  to  3j  Sect  a.,  required.  Reshaping 
and  riprapjung  of  channel  bends  would  be  accomplished  as  shown  on 
plate  1  Reshaped  thinned  icinws  not  riprapped  would  be  topsoi  led 
and  seeded  Abandoned  oil  bodies  and  otiier  l  uge  debris  would  be 
removed  from  the  channel  Riprap  would  be  placed  ocer  the  entire 
channel  cross-section  ji  the  C.SAII  7  bridge  to  protect  the  bridge 
piers . 

The  proposed  34o-toot  long  overflow  diversion  structure  would  divert 
approximately  one  half  the  Redwood  River  flood  flows  in  excess  of 
b.SdlJ  cfs  (about  $30  cfs  at  loo  year  flood  flow)  into  the  Cottonwood 
River  basin  via  the  diversion  overflow  channel  A  (.-foot  high 
gabion  channel  control  structure  would  be  located  immediately  down¬ 
stream  of  the  overflow  structure  as  shown  on  plate  1.  This  struc¬ 
ture,  together  with  the  1  ,ot>u  toot  contuung  left  overbank  levee 
would  insure  proper  river  stage  control  over  the  overflow  weir. 

The  proposed  2, 140  foot  long  overflow  channel  with  required  culvert 
works  through  the  Highway  23  embankment  would  carry  the  excess  Red¬ 
wood  River  overflows  into  the  Cottonwood  basin.  This  channel,  with 
a  20-foot  bottom  width  and  side  slopes  ranging  trom  1  on  4  to  1  on 
0  would  accommodate  up  to  SO  percent  of  the  excess  river  flow  over 
6, SOU  cfs  or  a  peak  flow  of  12<-0  cfs  at  the  design  133-year  Redwood 
River  flood  flow 

Required  upstream  reach  interior  drainage  works  would  include  the 
flap-gating  of  two  double  culverts  through  the  Burlington  Northern 
Railroad  embankment,  extension  of  a  36- inch  highway  roadside  drainage 
system  through  the  right  bank  levee  works,  the  placement  of  one 
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gated  and  one  ungated  culvert  through  two  driveways,  and  the  re¬ 
location  of  one  driveway  culvert.  In  addition,  minor  landscaping 
measures  would  be  accomplished  at  one  right  bank  levee  location  to 
eliminate  a  small  natural  ponding  area. 

The  proposed  channel  works  would  involve  the  excavation  of  about 
61,125  cubic  yards  of  material  Of  this  amount,  44,590  cubic  yards 
would  be  utilized  as  levee  fill.  Two  small  left  bank  spoil  areas 
(.7  acres  total)  would  accommodate  about  4,520  cubic  yards.  The 
remainir.s  12,01Scubic  yards  would  be  placed  on  the  city-owned  spoil 
disposal  area  adjacent  to  the  existing  diversion  channel  for  later 
re-use. 

The  proposed  upstream  rea«-h  flood  control  improvements  would  require 
the  acquisition  of  an  estimated  99.5  acres  of  land  and  temporary 
construction  easements  at  selected  locations.  Of  these  lands  71.1 
acres  would  be  flood  plain  lands  located  upstream  of  CSA11  7  and 
acquired  for  project  floodway  purposes.  Necessary  relocations  would 
include  the  relocation  of  one  house  a  short  distance  on  the  same 
property,  five  utility  poles,  550  feet  of  farm  fencing  and  the  temporary 
relocation  and  replacement  of  700  feet  of  buried  utility  cable.  A 
temporary  by-pass  would  be  constructed  across  the  median  to  permit  two-way 
traffic  on  State  Highway  23  during  placement  of  the  overflow  channel  culverts. 

Proposed  downstream  reach  improvements  would  include  levee  works, 
channel  widening,  interior  drainage  measures,  and  proposed  manage¬ 
ment  of  residual  flood  plain  areas  as  shown  on  plate  1.  Required 
levee  works  would  include  a  7,670-foot  long  levee  with  an  average 
height  of  about  S  feet  extending  from  high  ground  near  Highway  23  up¬ 
stream  to  high  ground  near  5th  Street  and  Hudson  Avenue  as  shown  on 
plate  2.  A  100-foot  long  temporary  sandbag  closure  would  be  re¬ 
quired  at  the  County  67  levee  crossing  to  provide  a  3-foot  freeboard 
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over  tile  13.'  •  e.i  I  tifo. I  level  \!  :ii  .u.lcd  w.-uld  In-  i  4'<0-foot 
ionic  levee  o!  4  toot  average  height  ai.ug  the  natural  ■ hannel 
right  bank  upstieam  jt  the  down  - 1  t  eatr.  m  t  ;  uctu  e  with  the  existing 
iliver-ioi.  channel.  \n  860  toot  long  1  i  e<  with  an  average  height 
of  3  t  net  •>  ..i.l  ’oglu,,  an  t  >  .t  :  tig  i  ;  g;.t  .  i.anne  1  haul  spoil  levee 

I  t  mov  isi  h  i  tht  :i i,  e.:e  !  .,  :i  i’  ■  •  :  i  :•  I:  i n»  >■  •  n.  |  !  a  1  e  1  . 

I  t  ojm  rh.unci  ...it  »v.i  1 .1  ....  i  i  ,l.  .■  i  ng  ,,f  I  he  channel  of  the 

right  ban!  ottlv  t  ,  in.'UMiei.  1  .t  t  ».*•.  ( .i»  :•  .i|  ...  feet  for  a  distance 
ot  1  ,  33u  teet  e>  1 1  :.d  1 1  .■  d  i.w.  • »  t  •  t  i  or  tie  lowiist  r<  .tin  confluence 

ot  the  existing  divetsioi.  channel  ii.iile  oo.li  a  shown  tin  plate  1. 

Ihie  reshaped  channel  bank  would  ; i u •  e  a  1  on  3  uli  slope  and  be 
ripiappcd  1 1  ■■  entire  lengtli  to  tr.suie  protect  ion  of  the  adjacent 
1  evee . 

i'roiKised  downst  ream  interior  drainage  woiks  woalti  consist  of  a  7- 
ac re  ponding  area,  a  o,2t>0- foot  long  collector  ditch  along  the  toe 
of  the  levee,  and  a  24  -  inch  diameter  dtainage  pipe  together  with 
needed  outlet  control  works  at  its  junction  with  i.-muty  ditch  62. 

Of  the  34,100  cubic  yards  of  material  excavated  from  the  ponding 
area  and  channel  works,  34,100  vubic  ards  would  lie  used  for  levee 
fill.  An  additional  9,400  cubic  yards  would  be  used  to  regrade  a 
low  area  long  the  levee  as  shown  on  plate  1.  lhe  remaining  spoil 
would  be  placed  on  vacant  municipal  property  for  later  reuse  by 
local  interests. 

The  proposed  downstream  measures  would  require  an  estimated  20.3 
acres  of  land  and  temporary  access  easements  to  construction  areas. 
The  channel  and  adjacent  levee  works  would  require  relocation  of 
six  util ity  poles. 
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All  levee  crowns  and  levee  and  channel  side  slopes,  and  other  dis¬ 
turbed  areas  would  be  reseeded  with  grass  species  such  as  sweet 
clover  that  provides  cover  for  area  wildlife.  Trees  and  shrubs 
would  be  planted  at  selected  locations  to  enhance  the  project 
area  aesthetic  setting.  These  plantings,  together  with  the 
irregular  or  warped  landward  levee  slopes  would  help  blend  the 
levees  into  the  natural  setting. 

Proposed  recreational  improvements  would  include  approximately  S.2 
miles  of  combined  walking-biking  trail  with  rest  areas  and  trail  head 
facilities,  and  about  5.7  miles  of  cross-country  ski  trail.  Local 
interest  would  provide  at  their  expense  a  total  of  0.9  miles  of  connecting 
trails  prior  to  or  concurrent  with  the  construction  of  any  authorized 
trail  improvements.  Other  measures  would  also  include  limited  picnicking 
facilities  on  project  lands  near  Justice  Park  and  the  softball  complex  north 
of  State  Highway  19.  Other  facilities  to  be  provided  by  local  interests 
at  their  own  expense  would  include  development  of  a  quiet  area  with 
trails  in  the  wooded  area  upstream  of  CSAH  7  and  an  improved  canoe 
access  at  the  Highway  23  roadside  park.  Detailed  discussion  regarding 
lands,  management  and  cost-sharing  responsibilities  is  given  on 
page  3  of  this  report  and  pages  G-2,  G-3,  and  G-34  in  Section  G  of 
Appendix  1.  The  proposed  recreational  facilities  are  shown  on  plate  2. 

EVALUATED  ACCOMPLISHMENTS 


The  principal  accomplishment  resulting  from  the  selected  plan  of  im¬ 
provement  would  be  the  enhanced  operation  of  the  existing  flood  con¬ 
trol  project  and  the  protection  of  unprotected  downstream  reach 
development  located  iaaediately  adjacent  to  the  presently  pro¬ 
tected  area.  The  selected  plan  would  provide  a  133 -year  degree  of  flood 
protection  to  the  Marshall  area.  The  proposed  works  would  result  in  an 
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85  percent  reduction  in  aveiugc  annual  flood  •!  ui.igi-s  t>>  new  develop¬ 
ment  and  significantly  reduce  t  tie  need  for  the  present  and  periodic 
inefficient  commitment  of  local  material,  f inane i  t!  and  manpower 
resources  during  maim  flood  oCinriein.es.  I  he  alleviation  of  flood 
damages  would  not  only  enhance  tie  area  cconoim  hit  would  improve 
the  safety  and  well-being  of  the  affected  people  and  preserve  intact 
long  established  community  patterns.  the  propo  ,0.1  rti  1  eat  lonal 
facilities  would  partially  satist-  pit-sent  and  protected  facility  needs 
in  the  Marshall  area.  Thus  ,  the  selected  pi  a  1  ,ic  .  .mplishes  the  study- 
purpose  and  the  desired  improvement  as  expressed  b,.  local  interests. 

EFFEC1  ON  THE  ENVIRONMENT 

1  he  piopused  downstream  reach  wolfs  would  piov  iJc  protection  to  about 
85  acres  of  agricultural  land  adjacent  to  the  city.  Protection  from 
flooding  would  likely  facilitate  the  eventual  conversion  of  this  land 
to  residential  development  as  this  area  is  presently  zoned. A  total  of 
liy.8  aw  res  ot  land  would  he  converted  to  flood  control  uses.  An  add¬ 
itional  led  acres  of  vacant  or  agricultural  land  in  the  reach  upstream 
ot  the  1  lty  would  also  be  attorded  protection.  Protection  of  these  un¬ 
developed  lands  is  soley  due  to  the  selection  of  the  most  cost-efficient 
flood  barrier  alignments.  Under  existing  conditions,  the  205  acres  of 
undeveloped  1 lood  plain  lands  can  be  developed  in  accordance  with 
state  flood  plain  management  criteria  by  placement  of  fill  to  an 
elevation  of  one  foot  above  the  100-year  flood  level.  The  selected 
project  would  not  require  fill  for  the  development  of  this  area. 

However,  it  is  recognized  that  the  proposed  alignment  may  accelerate 
future  development  of  this  urea. 

Construct  ion  of  the  proposed  channel  works  would  have  adverse  short¬ 
term  effects  on  stream  water  quality,  fish,  and  aquatic  biota  via 
increases  in  turbidity  and  sedimentation  during  and  for  a  short  time 
after  construction.  However,  the  stabilization  of  presently  eroding 
channel  bank  areas  would  in  the  long-term  reduce  turbidity  and  sedi¬ 
mentation  resulting  in  improved  water  quality. 
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The  permanent  loss  of  4.2  acres  of  woodland  would  result  in  associated 
population  losses  of  small  mammals  and  song  birds.  Increased  noise 
levels  during  construction  would  have  unsettling  effects  on  area 
wildlife.  The  loss  of  about  30  mature  shade  trees  at  four  residences 
would  result  in  adverse  aesthetic  impacts  to  the  affected  residences 
and  loss  of  cover  to  area  song  birds.  The  loss  of  grassy  vegetation 
along  the  reworked  channel  banks  would  also  contribute  to  the  permanent 
loss  of  small  mammal  and  song  bird  habitat.  The  acquisition  and 
designation  of  71.1  acres  of  flood  plain  lands  upstream  of  CSAii  7 
as  project  floodway  would  preserve  the  natural  characteristics  of 
that  area  and  maintain  wildlife  habitat  in  its  current  state. 

The  revegetation  of  all  disturbed  areas  with  cover  species  would 
mitigate  the  ground  cover  losses.  Tree  and  shrub  plantings  and 
sculptured  levee  sections  in  the  vicinity  of  affected  residences 
would  aid  in  blending  the  levees  into  the  adjoining  topography 
and  setting.  The  proposed  i.vee  and  overflow  structure  in  the 
park  would  result  in  marked  aesthetic  changes  including  a  slight¬ 
ly  impaired  view  of  the  natural  river  setting.  In  effect,  no 
park  area  would  be  lost  as  the  project  features  would  be  open  to 
park  pedestrian  traffic. 


OTHER  EFFECTS 


Placement  of  the  culverts  throughout  the  State  Highway  23  embank¬ 
ment  would  inconvenience  vehicular  traffic  for  about  a  month. 
Picnicking  and  other  uses  of  the  wayside  park  would  effectively  be 
eliminated  for  about  one  summer  season,  due  to  increased  noise 
levels  and  movement  of  machinery.  Similarly,  two  driveways  would 
be  temporarily  affected  by  road  raises  and  movement  of  construction 
equipment.  Access  to  two  farm  properties  would  be  permanently 
affected  by  the  levee  and  channel  works. 
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The  proposed  works  would  require  the  relocation  of  one  permanent 
residence  a  short  distance  on  the  same  property  Noise,  dust  and 
pollutant  levels  would  be  noticeable  during  the  construction  period. 
The  proposed  works  would  not  require  the  displacement  of  any  busines¬ 
ses.  In  turn,  they  would  enhance  community  cohesion,  likely  in¬ 
crease  protected  property  values  and  related  tax  benefits  to  the 
community.  Preservation  of  established  community  patterns  would 
help  maintain  Marshall's  position  as  a  regionally  important  trade 
and  farm  service  center. 


DESIGN 


Design  of  the  remedial  measures  necessary  to  obtain  effective  oper¬ 
ation  of  the  existing  project  is  based  on  the  need  for  the  maximum 
practical  degree  of  protection  and  compatibility  with  State  and  local 
flood  plain  management  regulations. 

The  existing  project  is  designed  to  pass  a  peak  discharge  of  6,500 
cubic  feet  per  second  (cfsj  which  originally  had  a  recurrence  inter¬ 
val  of  about  once  in  114  years  however,  revised  frequency-discharge 
relationships  indicate  that  a  flow  of  o.aOO  cfs  now  has  an  expected 
recurrence  interval  of  about  once  in  ail  year  .  Similarly,  a  flood 
with  a  l\  chance  of  occurring  in  an  g i i en  year  (100  year  flood)  is 
estimated  to  have  a  peak  discharge  of  S,^00  cfs.  The  hydraulic  design 
of  the  selected  plan  is  based  on  providing  protection  against  the  133- 
year  Redwuod  River  flood  flow. 


Although  the  existing  project  was  designed  t  pass  a  flood  flow  of 
6,S00  cfs,  it  was  evident  during  the  April  1969  flood  (peak  dis¬ 
charge  of  8,090  cfs)  that  the  design  flow  was  not  able  to  reach  tha 


existing  project.  Studies  also  indicate  that,  without  the  April 
1969  emergency  works, overflows  over  CSAH  7  that  conmence  at  a 
Redwood  River  flow  of  about  3,500  cfs  would  have  re-entered  the 
natural  channel  downstream  of  the  existing  diversion  structure 
and  caused  extensive  damage.  This  zero  damage  discharge  corres¬ 
ponds  to  a  flood  frequency  of  once  in  about  16  years.  Hydraulic 
studies  indicate  that  of  the  8,200  cfs  1%  chance  flood  flow,  appro¬ 
ximately  1,500  cfs  would  overflow  the  State  Highway  23  embankment 
in  the  vicinity  of  the  wayside  park.  Approximately  1,090  cfs  would 
flow  over  CSAH  7  and  re-enter  the  Redwood  River  downstream  of  the 
existing  diversion  structure.  The  remaining  5,610  cfs  reaching 
the  existing  diversion  project  would  combine  downstream  of  Marshall 
with  the  re-entering  1,090  cfs  overbank  flow  to  give  a  peak  100- 
year  downstream  reach  discharge  of  6,700  cfs. 

Hydraulic  studies  indicate  that  approximately  one-half  of  the  April 
1969  flood  overflows  would  have  entered  the  Cottonwood  basin  were 
it  not  for  the  flood  emergency  measures  undertaken.  Thus,  to  not 
aggravate  either  the  Cottonwood  basin  flood  problems  or  downstream 
Redwood  River  flood  problems  over  those  presently  experienced,  the 
design  of  the  proposed  overflow  diversion  structure  is  based  on  a 
near-equal  division  of  overflows  for  a  peak  133-year  overflow  dis¬ 
charge  of  approximately  1,260  cfs  into  the  Cottonwood  River  basin. 

Design  of  the  re-shaped  channel  slopes  and  levee  side  slopes  is 
based  on  the  need  to  prevent  slope  failure  under  both  peak  flood 
and  sudden  draw-down  conditions.  Riprap  bank  and  pier  protection 
is  designed  in  accordance  with  Corps  standards  to  withstand  shear 
forces  created  by  peak  channel  velocities. 

Structural  designs  were  made  in  accordance  with  Corps  design  cri¬ 
teria.  Structural  items  include  the  culvert  headwalls  and  gate  well 
for  the  ponding  area  discharge  conduit. 


CONSTRUCTION 


construction  oi  the  project  would  be  accompl 1 shed  in  two  construction 
seasons  Required  levee  till  would  be  obtained  from  the  channel 
and  pondtnj  area  excavation  Topsoil,  stripped  t rom  channel  bank, 
ponding  area,  and  levee  foundations  wuuld  be  stockpiled  for  later 
replacement  over  disturbed  areas  Additional  topsoil  needs  would 
be  met  from  local  sources  Riprap  would  be  obtained  from  the  estab¬ 
lished  quarry  at  Granite  Tails,  Minnesota  Bedding  and  other  ag¬ 
gregate  would  be  obtained  from  local  suppliers  Concrete  and  other 
culvert  needs  can  easily  be  met  trom  regional  sources.  Culvert  flap- 
gates  and  associated  hardware  would  likol>  be  obtained  through  sup¬ 
pliers  in  the  Minneapol ls-St .  Paul  area 

The  construction  works  would  be  closely  monitored  to  minimize  stream, 
air,  and  noise  pollution  Applicable  guide  specifications  on  environ¬ 
mental  protection  would  be  incorporated  in  any  project  plans  and 
specifications  to  minimize  pollution  These  provisions  would  in¬ 
clude  landscape  protection,  debris  burning,  erosion  control,  dust 
and  noise  control,  and  discharges  into  streams  Plans  and  specifi¬ 
cations  will  also  include  the  specific  type,  size,  and  mix  of  ground 
cover,  trees,  and  shrubs  required  for  the  project  Also  included 
will  be  the  identification  and  proper  disposition  of  any  buried 
artifacts  uncovered  during  construction.  Government  inspectors  would 
be  present  to  monitor  construction,  and  adherence  to  environmental 
protection  and  other  project  specifications 
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OPERATION  AND  MAINTENANCE 


Operation  of  the  project  during  a  flood  emergency  would  include 
erection  of  two  temporary  sandbag  closures  (three  for  an  SPF  level  flood) 
and  operation  of  the  gated  control  structure  at  the  outlet  of  the  ponding 
area.  Maintenance  of  the  project  would  include  mowing  of  designated  levee, 
ditch,  and  channel  areas;  riprap  adjustments  or  replacements;  repair  of  any 
severely  eroded  channel  bank  areas;  periodic  inspection  of  culverts 
and  flapgates;  and  periodic  removal  of  collected  sediment,  debris, 
etc.  from  the  overflow  channel,  collector  ditch  and  pondinp  area.  Also 
included  would  be  the  maintenance  of  the  proposed  recreational  facilities. 
Required  mowing  would  be  timed  so  that  the  ground  cover  would  be  of 
maximum  benefit  to  wildlife. 

ECONOMICS  OF  THE  SELECTED  PLAN 

This  section  of  the  report  presents  the  economic  aspects  of  the  se¬ 
lected  plan  for  t!.e  City  of  Marshall.  Included  are  pertinent  de¬ 
tails  of  the  flood  damage  evaluation,  benefit  analysis,  cost  esti¬ 
mates  and  project  justification. 

METHODOLOGY 


To  determine  the  economic  justification  of  the  proposed  project,  the 
merits  of  the  upstream  remedial  measures  and  downstream  reach  mea¬ 
sures  to  protect  new  development  were  evaluated  separately.  Pro¬ 
posed  upstream  and  downstream  reach  measures  were  justified  on  the 
basis  of  related  annual  benefits  exceeding  annual  project  costs. 

For  the  proposed  development,  a  comparison  of  incremental  average 
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annual  costs  (interest,  amortisation,  operation  and  maintenance) 
with  estimated  average  annual  benefits  is  made  over  the  project 
life  of  the  protect.  Project  benefits  are  iscounted  using  a  6  7/8 
percent  interest  rate  and  a  50-year  economic  life.  All  costs  and 
benefits  are  based  on  October  197~  price  levels.  Hie  base  year 
used  since  the  beginning  of  this  feasibility  study  is  1980.  A  more 
realistic  base  year  would  now  be  about  1985.  However,  use  of  1985 
as  the  base  year  would  not  result  in  a  change  sufficient  to  warrant 
reformulation  or  revised  scale  of  development  studies. 

flood  damages 


The  areas  subject  to  llooding  include  scattered  residential,  agri¬ 
cultural,  and  vacant  la. ids  in  the  upstream  icach,  nearly  300  acres 
of  the  highly  developed  central  portion  of  the  city,  and  agricultur¬ 
al,  residential,  public  (mostly  Southwest  State  College),  and  com¬ 
mercial  property  Principal  flood  damages  incurred  include  innun- 
dat ion  damage  to  single  and  multiple  family  residential  structures; 
the  college  buildings,  equipment  and  grounds;  damages  to  sewers, 
streets,  and  other  utilities;  and  emergency  flood  fight,  supporting 
disaster  relief,  and  cleanup  costs  Intangible  damages  include 
hazards  to  public  health  and  safety,  commrmty  disruption,  and  human 
suffering  and  insecurity  during  major  flood  periods  Remaining 
present  condition  flood  damages  with  the  existing  project  are  es¬ 
timated  at  $352,b85at  October  1977  price  levels. 

BENEFITS 


The  principal  benefits  from  flood  damage  reduction  were  evaluated 
as  the  reduction  in  flood  damages  due  to  obtaining  a  133-year  degree 
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of  protection  from  the  existing  project  together  with  needed  re¬ 
medial  measures  and  the  difference  in  flood  damages  to  unpro¬ 
tected  development  with  and  without  the  proposed  project.  Residen¬ 
tial,  public,  and  commercial  benefits  were  computed  based  on  1980 
base  year  conditions  with  appropriate  discounted  allowances  for 
future  damage  growth.  In  addition  to  the  flood  damage  reduction 
benefits,  significant  flood  proofing  cost  savings  benefits  would  be 
obtained  with  the  conversion  of  68  acres  of  agricultural  land  with  more 
intensive  single  and  multiple-family  residential  development.  Also,  substan¬ 
tial  benefits  attributable  to  expected  use  of  the  proposed  recrea¬ 
tion  facilities  would  be  realized.  Average  annual  project  benefits 
attributable  to  protection  of  new  unprotected  development  and  in¬ 
creased  locational  advantages  are  summarized  in  the  following  table. 


Table  3  -  Average  Annual  Benefits 


Benefit  Category  Amount 


Flood  damage  reduction  --  Remedial  measures  $  204,570 

--  Downstream  reach  58,610 

Future  growth  to  2050  24,410 

Flood  Proofing  Cost  Savings  Benefits  11,110 

Recreation  benefits  43,130 

Total  I  341,830 


FIRST  COSTS 


The  total  estimated  first  cost  of  $2, 504, 000  for  the  project  is 
based  on  October  1977  price  levels  for  similar  work  in  the  area  and 
is  siamarized  in  the  following  table. 
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Table  4  -  Estimated  Project  Costs 


Channel  works 
Levees 

Overflow  works 
Interior  drainage 
Relocations 
Lands  and  damages 
Recreation  facilities 
Engineering  and  Design 
Supervision  and  Administration 

TOTAL  FIRST  COST 


$  738,600 

171.800 
418,200 
184,000 

52,400 

211,600 

38S.600 

195,000 

146.800 

$2,504,000 


ANNUAL  COSTS 

The  annual  costs  of  the  interest,  amortization,  operation,  and  main¬ 
tenance  for  the  proposed  project  are  $187,590  as  shown  in  the  follow¬ 
ing  table. 

Table  5  -  Annual  Costs 


Interest  and  Amortization 
Operation  and  Maintenance 


Total  Annual  Costs 


$  178,590 
9,000 

$  187,590 
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JUSTIFICATION 


The  proposed  remedial  measures  to  insure  effective  operation  of  the 
existing  project  to  provide  a  133-year  degree  of  protection  are 
justified  in  that  the  average  annual  flood  damage  reduction  benefits 
exceed  related  average  annual  costs.  Similarly,  proposed  down¬ 
stream  works  to  protect  recent  unprotected  development  are  incre¬ 
mentally  justified  as  shown  in  table  6  below.  The  figures  given 
in  the  table  represent  direct  tangible  values  only  and  are  display¬ 
ed  for  the  National  Economic  Development  (NED)  account. 


Table  6  -  Summary  of Economic  Analyses 


Item 

Amount 

Average  annual  benefits 

- 

upstream  reach 
remedial  works 

$  221,730 

- 

downstream  reach  - 

76,970 

- 

recreational  facilities 

43,130 

Average  annual  costs 

- 

remedial  works 

124,620 

- 

downstream  reach 

28,680 

- 

recreational  facilities 

34,290 

Incremental  benefit- 
cost  ratio 

_ 

remedial  works 

1.8 

- 

downstream  reach 

2.7 

- 

recreat ion 

1.3 

Benefit -cost  ratio 

- 

total  flood  control-^ 

1.9 

^Excluding  recreation 

costs  and  benefits. 
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DIVISION  OF  PLAN  RESPONSIBILITIES 

The  purpose  of  this  section  is  to  present  pertinent  information  re¬ 
garding  cost  apportionment  between  Federal  and  non-Federal  interests. 

COST  Al  LOCATION  AND  APPORTIONMENT 

Cost  allocation  among  project  purposes  is  not  considered  warranted 
for  the  proposed  project  since  the  proposed  recreation  works  are 
limited  in  scope  and  represent  a  relatively  small  portion  of  the 
project  costs  and  benefits.  Project  costs  are  apportioned  between 
Federal  and  non-Federal  interests  under  both  existing  legislation  and 
the  President's  proposed  cost-sharing  policies  as  shown  in  Table  7. 

FEDERAL  RESPONSIBILITIES 


The  Federal  Government  will  design  and  construct  the  various  features 
of  the  proposed  works.  The  work  charged  as  a  Federal  cost  includes 
that  for  levees,  channel  works,  the  overflow  diversion  works,  inter¬ 
ior  drainage  works,  aesthetic  mitigation  measures,  and  one-half  the 
construction  cost  of  the  proposed  recreation  facilities.  The  Federal 
Government  also  assumes  the  cost  of  this  study.  The  total  Federal 
first  cost,  excluding  costs  of  this  study,  is  estimated  at  $2,008,800 
based  on  existing  cost-sharing  legislation.  However,  applying  the 
President's  proposed  cost-sharing  policies  would  result  in  a  total 
Federal  first  cost  of  $1,745,100. 

NON-FEDERAL  RESPONSIBILITIES 


Non-Federal  interests  must  meet  all  elements  of  local  cooperation 
which  includes  the  assurance  that  they  will: 
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Provide,  without  cost  to  the  United  States  all  lands,  ease¬ 
ments,  and  rights-of-way  including  suitable  areas  for  borrow 
and  disposal  of  excavated  material  as  determined  by  the  Chief 
of  Engineers  for  construction,  operation  and  maintenance  of 
the  project. 

Hold  and  save  the  United  States  free  from  damages  that  may 
result  from  construction  and  maintenance  of  the  project,  not 
including  damages  which  are  due  to  the  fault  or  negligence 
of  the  United  States  or  its  contractors. 

Maintain  and  operate  the  project  after  completion  in  accordance 
with  regulations  prescribed  by  the  Chief  of  Engineers 
Accomplish  without  cost  to  the  United  States  all  relocations 
and  alterations  of  buildings  {except  nonst ructural  measures), 
transportation  facilities,  storm  and  sanitary  sewer  systems, 
public  and  private  utilities,  local  betterments,  drainage  fa¬ 
cilities,  and  other  structures  and  improvements  made  necessary 
by  construction  of  the  recommended  plan,  as  determined  by  the 
Chief  of  Engineers,  excluding  facilities  necessary  for  the 
normal  interception  and  disposal  of  local  interior  drainage 
at  the  line  of  protection. 


e.  Prescribe  and  enforce  regulations  to  prevent  obstructions  or 
encroachment  on  channels,  floodway  areas,  and  ponding  areas 
which  would  reduce  their  flood-carrying  capacity  or  hinder 
maintenance  and  operation. 

f.  Provide  a  cash  contribution  for  recreation  equal  to  SO  percent 
of  the  final  separable  cost  allocated  to  this  function  less  a 
credit  for  the  value  of  lands,  easements,  rights-of-way,  alter¬ 
ations,  and  relocations  furnished  therefor. 
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g.  Publicize  floodplain  information  in  the  areas  concerned  and 
provide  this  information  to  zoning  and  other  regulatory  agen¬ 
cies  for  their  guidance  and  leadership  in  preventing  unwise 
future  development  in  the  floodplain  and  in  adopting  such 
regulations  as  may  be  necessary  to  insure  compatibility  be¬ 
tween  future  development  and  protection  levels  provided  by 
the  project 

h .  in  acquiring  lands,  easements,  and  rights-of-way  for  construc¬ 
tion  of  the  project,  the  local  sponsor  will  comply  with  the 
applicable  provisions  of  the  "Uniform  Relocation  Assistance 
and  Real  Property  Acquisition  Policies  Act  of  1970,"  Public 
Lar  91-646,  approved  2  January  1971. 

i.  At  least  annually  inform  affected  interests  regarding  the  lim¬ 
itations  of  the  protection  afforded  by  the  project. 

Under  existing  cost-sharing  legislation,  the  total  non-Federal 
first  cost  is  estimated  at  $495,200  (see  local  cooperation  items 
a,  d,  and  f  above  and  table  7.)  Applying  the  President's  proposed 
cost -sharing  policy  would  require  non-Federal  interests  to  contribute 
20  percent  of  the  project  first  costs  assigned  to  flood  damage  preven¬ 
tion  and  SO  percent  of  the  separable  cost  for  construction  of 
recreational  facilities  (see  item  f  above)  plus  require  the  State  of 
Minnesota  to  contribute  5  percent  of  the  total  first  costs  of 
construction.  Thus,  the  President's  cost-sharing  policy  would 
result  in  total  combined  non-Federal  first  costs  estimated  at 
$758,900  (see  table  7).  Under  both  existing  cost-sharing  legislation 
and  the  President's  cost-sharing  policy,  non-Federal  interests 
would  be  required  to  satisfy  local  cooperation  items  b  and  c  above, 
with  item  c  estimated  to  result  in  $9,000  annual  operation  and 
maintenance  cost. 
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Table  7  -  Apportionment  of  first  costs 

among  interests 

Non-Federal 

Item 

Federal 

State 

City 

Total 

Based  on  existing  cost-sharing 

;  legislation: 

Lands 

- 

- 

$211,600 

$211,600 

Relocations 

- 

- 

52,400 

52,400 

Channels 

$738,600 

- 

- 

738,600 

Levees 

171 ,800 

- 

- 

171,800 

Overflow  works 

418,200 

- 

- 

418,200 

Interior  drainage 

184,000 

- 

- 

184,000 

Recreation  facilities 

192,800 

- 

192,800 

385,600 

Engineering,  administration 

303,400 

- 

38,400 

341,800 

Total  (existing  legislation) 

2,008,800 

- 

495,200 

2,504,000 

Based  on  President's  proposed 

cost-sharing  policy: 

Flood  damage  prevention 

$1,332,500 

$88,800 

$355,300 

$1,776,600 

Recreational  facilities 

173,500 

19,300 

192,800 

385,600 

Engineering,  administration 

239,100 

17 , 100  2  85,600 

(3)  341,800 

Total  (President's  Policy) 

1,745,100 

125,200 

633,700 

2,504,000 

(T)  Includes  50  percent  o t  the  separable  Engineering,  Administration  (E ,A) 
cost  ($28,800)  and  100  percent  separable  E,A  relocations  cost  ($9,600). 

(2)  Includes  5  percent  of  total  E,A. 

(3)  Includes  20  percent  of  flood  damage  prevention  E,A,  cost  ($56,800)  and 
50  percent  of  recreational  facility  E,A  cost  ($28,800). 
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PLAN  IMPLEMENTATION 


Once  a  plan  of  improvement  under  the  Section  216  authority  has  been 

found  feasible  and  acceptable  to  local  interests,  t  lie  procedure 

necessary  for  its  implementation  involves  the  following  steps: 

o  Hie  feasibility  report  on  the  plan  and  accompanying  environ¬ 
ment  impact  statement  would  be  reviewed  by  such  higher  autho¬ 
rities  as  the  Division  Engineer,  North  Central,  the  Board  of 
engineers  for  Rivers  and  Harbors  and  the  Office  of  the  Chief 
of  Engineers. 

o  The  Chief  of  Engineers  would  seek  formal  review  and  comment 

by  the  Governor  of  Minnesota  and  interested  Federal  agencies. 

o  Upon  approval  by  the  Chief  of  Engineers,  the  report  is  trans¬ 
mitted  through  the  Secretary  of  the  Army  to  the  Congress  for 
final  review,  authorization  and  appropriation  of  needed  fund¬ 
ing. 

o  Upon  receipt  of  project  funding,  the  District  Engineer  is 

directed  to  commence  detailed  planning  studies  and  an  estimate 
of  cost. 

o  Upon  completion  of  the  detailed  planning  studies  and  subsequent 
review  and  approval  by  higher  Corps  authority,  the  District 
Engineer  would  be  directed  to  prepare  detailed  designs  and 
specifications  and  an  estimate  of  project  costs. 

o  Concurrently  with  this  detailed  planning,  the  City  of  Marshall 
would  proceed  with  acquisition  of  needed  rights-of-way.  The 
City  also  would  enter  into  a  local  cooperation  agreement  with 
the  Federal  government. 
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o  Upon  completion  of  plans  and  specifications,  the  project  would 
be  advertised  for  competitive  bidding  by  private  contractors. 

o  After  award  of  the  contract  to  the  lowest  capable  bidder,  it  is 
estimated  that  the  project  could  be  completed  in  two  construc¬ 
tion  seasons 

o  Upon  completion  of  the  project,  local  interests  would  commence 
project  operation  and  maintenance 


VIEWS  OF  NON -  FEDERAL  INTERESTS 


Non-Federal  interests  coordinated  with  in  the  formulation  of  the 
selected  plan  included: 

o  The  City  of  Marshall 

o  Lyon  County  Highway  Department 

o  Lyon  County  Historical  Society 

o  Minnesota  Department  of  Natural  Resources 

o  Minnesota  Pollution  Control  Agency 

o  Minnesota  Highway  Department 

o  State  Historic  Preservation  Officer 

o  Minnesota  State  Historical  Society 

o  Lyon  County  Board  of  Commissioners 

o  Burlington  Northern  Railroad 

Statements  or  resolutions  expressing  the  views  and  recommendations 
of  these  interests  are  contained  in  Appendix  II. 


The  proposed  upstream  and  downstream  reach  flood  control  improve¬ 
ments  were  considered  by  Marshall  City  Council  at  meetings  held  at 


Marshall  on  3  March  and  20  October  1975  respectively.  These  meet¬ 
ings  were  open  to  and  attended  by  the  interested  public.  A  public 
meeting  was  held  at  Marshall  on  2  February  1977  to  discuss  the  pro¬ 
posed  plan  of  improvement  and  receive  the  public's  views  and  comments 
related  to  the  plan.  A  copy  of  the  meeting  transcript  and  related 
correspondence  is  contained  in  Appendix  II,  Pertinent  Correspondence. 

A  meeting  was  held  with  City  officials  on  2  March  1978  to  review 
revised  study  findings  based  on  a  review  of  the  draft  report  by 
higher  Corps  authority.  On  2  April  1979,  a  meeting  was  held  with 
City  officials  and  interested  members  of  the  public  to  discuss 
additional  studies  of  alternative  flood  barrier  alignments  made  in 
response  to  the  President's  Executive  Orders  11988  and  11990. 

Upon  conclusion  of  these  discussions,  the  Marshall  City  Council 
adopted  resolutions  supporting  the  proposed  flood  plain  management 
and  recreation  measures  and  indicating  the  City's  willingness  and 
intent  to  provide  needed  assurances  of  local  cooperation  when  and 
as  required. 


REVIEW  BY  OTHER  FEDERAL  AGENCIES 


Federal  agencies  involved  either  in  the  formulation  or  review  of  the 
selected  plan  were: 

o  Department  of  Agriculture  -  Soil  Conservation  Service 
o  U.S.  Environmental  Protection  Agency 
o  Department  of  the  Interior  -  National  Park  Service 

-  Fish  and  Wildlife  Service 

-  Bureau  of  Outdoor  Recreation. 

The  draft  report  with  accompanying  environmental  impact  statement 
was  circulated  for  comment  among  the  various  Federal  agencies. 
Statements  received  from  these  agencies  are  included  in  Appendix  II. 


S9 


SUMMARY 


The  City  of  Marshall  and  immediately  adjacent  flood  plain  reaches 
are  subject  to  recurrent  flooding  of  the  Redwood  River  and  related 
property  damages  even  with  the  existing  flood  control  project.  The 
April  1979  flood  clearly  showed  that  natural  conditions  immediately 
upstream  and  downstream  of  the  project  were  such  that  the  design 
floodwaters  could  not  be  conveyed  into  or  away  from  the  project. 

This  same  flood  also  showed  that  substantial  flood  plain  devel¬ 
opment  in  the  downstream  reach  remains  unprotected  under  existing 
conditions. 

In  addition  to  a  "no  further  public  action  plan",  nine  possible  sol¬ 
utions  to  the  flood  problem  were  analyzed.  From  this  analysis  and 
the  demonstrated  interest  by  the  City  of  Marshall,  it  is  concluded 
that  the  only  feasible  and  acceptable  plan  for  obtaining  effective 
operation  of  the  existing  project  and  reducing  flood  damages  to 
unprotected  downstream  reach  development  is  the  selected  plan.  This 
plan  provides  for  channel  works,  levees,  and  overflow-diversion  works 
to  permit  controlled  passage  of  excess  Redwood  River  flood  overflows 
into  the  Cottonwood  River  basin.  The  project  works  would  provide 
a  133-year  degree  of  protection  with  generally  three  feet  of  alljwable 
levee  freeboard.  Two  feet  of  freeboard  over  the  SPF  flood  level 
would  be  provided  along  the  right  bank  levee  upstream  of  the  existing 
diversion  structure  to  prevent  SPF  flows  from  overtopping  the  levee 
and  entering  the  city. 

The  selected  plan  also  provides  locally  desired  recreational  facil¬ 
ities,  including  bicycling  and  cross-country  ski  trails  and  limited 
picnicking  facilities.  Local  interests  would  provide  0.9  miles  of 
connecting  trails  at  their  expense  prior  to  or  concurrent  with 
construction  of  any  authorised  improvements.  Other  recreational  works, 
if  desired  by  local  interests  and  constructed  at  their  expense, 
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would  include  nature,  educational  and  quiet  areas  upstream  of 
L'bAJi  ~  and  canoe  access  at  the  Highway  23  wayside  park. 

Natural  resources  to  be  coranitt-'d  in  construction  of  the  project 
would  include  approximately  119.8  acres  of  land  including  71.1 
acres  of  land  for  project  floodway  purposes.  Of  the  48.7  acres  of 
land  required  for  project  construction,  4.2  acres  are  forested, 

10.3  acres  are  in  agricultural  use,  with  the  remainder  as  open 
space  or  vacant  land. 

Social  and  economic  benefits  of  the  project  would  include  an  in¬ 
creased  and  expanded  level  of  flood  protection,  the  enhancement  of 
former  flood  plain  lands,  enhanced  public  security  and  well-being, 
the  preservation  of  desirable  community  patterns,  and  the  near 
elimination  of  the  need  for  inefficient  commitment  of  local  resources 
for  flood  emergency  activities.  The  proposed  recreation  works  would 
partially  satisfy  unmet  demands  for  recreational  opportunities  in 
the  Marshall  area. 

The  remedial  measures  required  to  obtain  effective  operation  of  the 
existing  project  are  economically  justified.  The  total  project 
first  cost  is  estimated  at  $2,504,000.  Protection  of  unprotected 
downstream  reach  development  is  incremental ly  justified  with  a 
benefit-cost  ratio  of  2.7  to  1.  The  upstream  reach  remedial  measures 
are  also  justified  as  indicated  by  a  1.8  benefit-cost-ratio. 

The  non-Federal  first  cost  under  existing  cost-sharing  legislation  is 
estimated  at  $495,200.  Construction  of  the  project  could  be 
completed  by  the  United  States  in  two  construction  seasons  dependent 
upon  the  availability  of  necessary  funds,  completion  of  plans  and 
specifications,  and  receipt  of  non-Federal  assurances  of  participation. 
Following  construction,  operation  and  maintenance  of  the  project 
would  be  the  responsibility  of  the  City  of  Marshall. 
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EXECUTIVE  ORDERS  11988  and  11990 


Additional  alternatives  providing  flood  protection  to  the  City  of 
Marshall  were  prepared  in  response  to  E.O.  11988  and  11990  concerning 
flood  plain  development  and  the  protection  of  wetlands.  Analysis  of 
the  alternatives  determined  that  they  did  not  constitute  "practicable" 
alternatives  (as  defined  by  the  Executive  Orders),  nor  do  they 
preclude  development  in  the  flood  plain.  In  addition,  the  selected 
plan  generally  meets  the  requirements  in  the  President's  1980 
budget  criteria  pertaining  to  flood  plain  development  and  wetland 
protection.  A  detailed  description  and  evaluation  of  the  alternatives 
is  presented  in  Appendix  1,  Section  J. 

SECTION  404  REQUIREMENTS 

A  public  notice  outlining  the  proposed  flood  control  plans 
involving  dredging  and  filling,  in  the  Redwood  River  at  Marshall 
was  issued  on  28  February.  The  notice  summarized  the  expected 
significant  environmental  effects  and  offered  any  interested 
person  opportunity  to  request  a  public  hearing  in  accordance 
with  Section  404(b)  of  the  Federal  Water  Pollution  Control  Act 
Amendments  of  1972.  Comments  on  the  public  notice  are  attached 

to  Appendix  2.  _  comments  opposing  the  Corps  of  Engineers 

project  and  _  requests  for  a  public  hearing  were  received. 

The  proposed  project  would  comply  with  the  requirements  of  Section  404 
as  described  in  this  report  and  the  accompanying  revised  draft  E1S. 
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STATEMENT  OF  FINDINGS 

I  have  reviewed  and  evaluated,  in  light  of  the  overall  public  in¬ 
terest,  the  docuaents  concerning  the  proposed  action  and  the  stated 
views  of  other  interested  agencies  and  the  concerned  public, 
relative  to  the  various  practical  alternatives  considered  to  in¬ 
sure  effective  operation  of  the  existing  flood  control  project  and 
protect  additional  flood-prone  development  at  Marshall,  Minnesota. 

The  possible  consequences  of  these  alternatives  have  been  studied 
for  environmental,  social  well-being,  and  economic  effects  (includ¬ 
ing  regional  and  national  economic  development  as  appropriate)  and 
engineering  feasibility. 

BACKGROUND 

Authority  for  the  proposed  plan  is  provided  in  section  216  of  the 
1970  River  and  Harbor  Act. 

Marshall,  Minnesota,  with  a  1970  population  of  9,686  persons,  is 
subject  to  flood  damages  from  overflows  of  the  Redwood  River. 
Marshall  and  Lyon  County,  of  which  Marshall  is  the  county  seat,  re¬ 
quested  in  letters  dated  3  July  1972  and  6  June  1972,  respectively, 
that  a  study  be  made  to  determine  what  improvements  can  be  made  to 
increase  the  efficiency  of  the  existing  flood  control  project  and 
provide  additional  protection. 

The  existing  flood  control  project  at  Marshall  was  constructed  by 
the  Federal  Government  in  1963  at  an  estimated  first  cost  of 
$2,9S3,000  (1963  dollars).  The  project  was  designed  to  provide 
protection  against  a  flood  with  an  expected  recurrence  interval  of 
once  in  about  114  years  (0.88  -  percent  chance  flood).  However, 
as  experienced  during  the  April  1969  flood,  this  original  level  of 
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protection  now  represents  only  a  59-year  degree  of  protection 
(1.69-percent  chance  flood).  This  reduced  level  of  protection  is 
mainly  caused  by  inadequate  flow  capacity  of  the  natural  channel 
upstream  and  downstream  of  Marshall.  Only  a  major  local  flood  fight 
during  the  April  1969  flood  prevented  extensive  damages  to  the  city. 
However,  Redwood  River  overflows  into  the  Cottonwood  River  basin 
and  the  emergency  flood  fight  activities  resulted  in  moderate  dam¬ 
ages  to  some  area  farms,  local  highways,  and  other  property. 

Since  the  existing  project  was  completed  in  1963,  considerable  de¬ 
velopment  has  occurred  on  the  flood  plain  immediately  downstream  of 
the  project.  The  majority  of  this  development,  generally  consisting 
of  the  Southwest  State  College  at  Marshall  and  student  and  other 
local  housing,  is  not  protected  by  the  existing  project.  Without 
emergency  flood  barriers,  this  development  would  have  been  exten¬ 
sively  damaged  during  the  April  1969  flood. 

Several  meetings  in  support  of  this  study  were  held  in  the  city  to 
obtain  local  views  on  city  flood  problems  and  needs.  Two  meetings, 
open  to  and  attended  by  the  public,  were  held  on  3  March  1975  and 
20  October  1975  to  obtain  the  city's  views  on  upstream  and  down¬ 
stream  reach  alternatives,  respectively.  A  late-stage  meet¬ 
ing  was  held  at  Marshall  in  February  1977  to  obtain  local  views  on 
the  selected  plan.  On  2  March  1978  a  meeting  was  held  with  City 
officials  to  discuss  revised  study  findings.  On  2  April  1979, 
another  meeting  was  held  with  City  officials  and  interested  members 
of  the  public  to  discuss  additional  studies  of  alternative  flood 
barrier  alignments  made  in  response  to  Executive  Orders  11988  and  11990. 

ALTERNATIVES 

Alternatives  considered  included  no  further  public  action,  permanent 
evacuation  of  the  flood  plain,  partial  evacuation  and  flood  proofing. 
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upstream  reservoir  storage,  channel  modifications,  levee  works,  and 
combinations  of  non- structural  measures.  The  no  further  public 
action  alternative  represents  the  "without"  project  condition  against 
which  the  impacts  of  all  other  alternatives  are  compared. 

Except  for  flood  plain  management  measures  in  conjunction  with  struc¬ 
tural  measures,  none  of  the  non-structural  alternatives  provide  a 
viable,  economically  justified,  or  locally  acceptable  solution. 
Permanent  flood  plain  evacuation  would  reduce  most  damages  to  unpro¬ 
tected  development  but  would  result  in  severe  dislocations  of  es¬ 
tablished  community  patterns  and  severe  adverse  long-term  effects 
to  the  State  college.  Partial  evacuation  and  flood  proofing  would 
minimize  the  adverse  effects  to  the  college  but  still  result  in  the 
locally  unacceptable  rearrangement  of  area  housing  patterns  and 
other  dislocations  of  established  transportation  and  development. 

Adequate  upstream  reservoir  storage  capacity  is  severely  limited. 

One  possible  site  exists  in  Camden  State  Park  about  8  miles  upstream 
of  Marshall.  A  reservoir  in  the  park  would  cause  severe  environ¬ 
mental  losses  and  significantly  change  the  use  of  the  park.  It 
would  also  be  unacceptable  to  the  State  and  local  interests  and  is 
not  economically  justified.  Tributary  storage  would,  in  total,  re¬ 
sult  in  probable  major  environmental  losses  and  be  technically  and 
economically  infeasible. 


Several  combination  of  levees  were  considered.  A  combination  of 
upstream  and  downstream  levees  with  channel  modifications,  overflow 
diversion,  interior  drainage  works,  aesthetic  measures,  and  necessary 
relocations  would  insure  the  effective  operation  of  the  existing 
project  and  provide  protection  to  additional  areas.  A  comparison  of 
estimated  average  annual  benefits  of  $157,500  with  average  annual 
costs  of  $141,500  results  in  a  benefit-cost  ratio  of  1.1. 


Other  measures  for  the  upstream  reach  were  considered  including  a 
perimeter  levee  around  a  10-acre  river  meander  area,  an  alternative 
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channel  cutoff  across  the  meander  area  to  improve  flow  efficiency, 
a  f loodwater  bypass  channel,  and  raising  of  CSAH  7  and  Highway  23  to 
provide  temporary  floodwater  storage.  None  of  these  variations  were 
recommended  as  they  proved  to  be  either  impractical,  uneconomical,  or 
locally  unacceptable  or  would  cause  unacceptable  adverse  environmental 
effects. 


Of  the  other  downstream  reach  structural  measures  considered,  a 
combined  highway-levee  plan  would  be  practical,  feasible,  and  have 
only  slightly  more  adverse  environmental  impacts  than  the  other 
plans  considered.  However,  the  uncertainty  as  to  the  timing  of 
local  completion  of  required  designs  and  availability  of  local 
funding  precluded  recommendation  of  the  plan  at  this  time.  If 
these  problems  could  be  resolved  before  construction  of  the  flood 
control  works,  the  Chief  of  Engineers  could  permit  construction  of 
a  joint  highway-levee  project.  In  any  case,  the  selected  plan 
would  not  foreclose  the  future  and  efficient  combination  of  a 
highway  with  the  downstream  reach  levee. 

Various  combinations  of  channel  measures  including  widening,  bank 
protection,  and  a  channel  cutoff  were  considered  for  the  downstream 
reach.  Other  than  1,500  feet  of  channel  widening  to  reduce  slight 
upstream  stage  increases  resulting  from  the  upstream  works  and 
selected  widening  at  bends  and  along  a  1,000-foot  reach  upstream 
of  the  proposed  overflow  diversion  structure,  none  of  these  measures 
had  sufficient  merit  to  warrant  incorporation  in  the  selected  plan. 

THE  SELECTED  PLAN 

The  selected  plan  consists  of  structural  flood  plain  management 
measures  along  the  river  reaches  upstream  and  downstream  of  the 
existing  flood  control  project  at  Marshall.  Upstream  works  would 
generally  consist  of  a  2,260-foot  long  levee  along  the  north  (left) 
bank  and  a  6,350-foot  long  levee  with  a  temporary  sandbag  closure  along 
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tne  south  (right)  bank.  The  north  and  south  bank  levees  would  start 
at  the  upstream  end  of  the  existing  project  (existing  diversion 
structure  at  river  mile  70.2)  and  extend  to  high  ground  at  the  Bur¬ 
lington  Northern  Railroad  and  State  Highway  23  embankments,  re- 
sepctively.  Other  upstream  improvements  would  include  channel 
widening,  riprap  pier  protection  at  the  CSAH  (County  State  Aid  High- 
way)  7  bridge,  an  overflow  diversion  at  the  State  Highway  23  wayside 
park  with  attendant  2,140-foot  long  overflow  channel  to  control 
flood  overflows  into  the  Cottonwood  River  basin,  interior  drainage 
works,  aesthetic  measures,  and  necessary  relocations. 

Required  downstream  improvements  would  consist  of  a  7,670-foot  long 
levee  extending  from  high  ground  near  the  State  Highway  23  embank¬ 
ment  east  of  the  city  upstream  to  high  ground  in  the  vicinity  of 
North  Sth  Street  and  Kossuth  Avenue.  For  the  most  part,  this  levee 
would  follow  the  alignment  of  a  proposed  highway  under  joint  con¬ 
sideration  by  the  city  and  Lyon  County.  If  later  desired,  the  high¬ 
way  could  incorporate  the  levee  embankment  or  be  constructed  adja¬ 
cent  to  it.  Other  downstream  reach  levee  works  would  include  a  tern? 
porary  sandbag  closure,  a  450-foot  foot  long  levee  along  the  natural 
channel  south  bank  just  upstream  of  the  downstream  confluence  of 
the  natural  channel  and  existing  project  diversion  channel.  An  860- 
foot  long  levee  about  2  feet  high  would  bridge  a  low  channel  bank 
rea^h  along  the  natural  channel.  The  river  channel  immediately 
downstream  of  the  downstream  confluence  would  be  widened  to  a  35-foot 
bottom  width  (an  additional  S  feet)  for  a  distance  of  about  1,700 
feet . 

Riprap  bank  protection  would  protect  the  widened  channel  bank  and 
adjacent  levee  from  erosion  and  possible  damage.  Related  downstream 
interior  drainage  works  would  include  a  7-acre  ponding  area  with 
attendant  collector  ditch  and  outlet  works.  Six  utility  poles  would 
be  relocated  along  the  860-foot  levee  alignment. 
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The  residual  flood  plain  along  both  project  reaches  would  be  man¬ 
aged  in  accordance  with  existing  city  flood  plain  management  reg¬ 
ulations.  Principal  areas  to  be  managed  include  the  71.1-acre 
floodway  area  upstream  of  CSAil  7,  an  18-acre  area  along  the  north 
channel  bank  immediately  upstream  of  the  downstream  confluence  of 
the  existing  diversion  channel,  and  the  entire  remaining  flood  plain 
nverward  of  the  proposed  downstream  reach  levee. 

The  proposed  project  would  also  provide  for  much  needed  recreation 
facilities.  Initial  facilities  would  include  a  5.2-mile  bike-walking 
trail  and  a  S. 7-mile  cross-country  ski  trail,  trail  head  improve¬ 
ments,  a  rest  stop  at  the  existing  softball  complex,  and  limited 
picnicking  facilities  at  Justice  Park.  Additional  improvements  that 
would  be  provided  by  local  interests  include  a  nature  education  and 
quiet  areas  in  the  wooded  river  corridor  upstream  of  CSAH  7  and 
a  canoe  access  at  the  State  Highway  23  wayside  park. 

The  proposed  structural  flood  plain  management  measures  would  insure 
effective  operation  of  the  existing  project  and  provide  protection 
to  presently  unprotected  downstream  reach  developments  against  a 
Redwood  River  flood  having  a  0.75-percent  chance  of  occurring  in 
any  given  year  (133-year  flood) .  The  project  would  be  constructed 
by  the  Federal  Government  at  an  estimated  Federal  first  cost  of 
$2,008,800  and  a  non-Federal  first  cost  of  $495,200.  The  project 
would  then  be  turned  over  to  the  City  of  Marshall  for  operation 
and  maintenance  in  accordance  with  the  required  assurances  of  local 
cooperation.  Annual  coperation,  maintenance  and  equipment  costs  are 
estimated  at  $9,000. 

EVALUATION  OF  THE  SELECTED  PLAN 

Engineering  Considerations  Of  the  alternatives  considered  for 
the  upstream  reach,  the  combined  levee-channel  plan  has  proved  to 
be  the  best  method  of  solving  the  problem.  The  overflow  structure 


and  attendant  outlet  channel  in  particular  are  considerd  effec¬ 
tive  in  controlling  the  damaging  overflows  into  the  adjacent 
Lottonwood  River  basin.  The  proposed  plan  represents  the  most 
logical  solution  evaluated  on  the  basis  of  obtaining  effective 
operation  of  the  existing  inefficient  project,  engineering  feasi¬ 
bility,  local  acceptablility,  and  environmental  effects.  Total 
Federal  and  non-Federal  first  costs  under  existing  cost-sharing 
legislation  are  estimated  at  $2,008,800  and  $495,200  respectively. 

A  comparison  of  estimated  average  annual  benefits  of  $341,830 
with  average  annual  costs  of  $187,590  results  in  a  benefit-cost 
ratio  of  1.8. 

Similarly,  of  the  plans  considered  for  the  downstream  reach,  the 
selected  plan  proves  to  be  the  most  effective  method  for  improv¬ 
ing  the  operation  of  the  existing  project  and  protecting  additional 
development.  The  plan  provides  effective  protection  from  the  0.75- 
percent  chance  (133-year)  flood  and  maintains  the  possiblity  of  a 
combined  levee-highway  during  or  at  any  time  after  construction. 

Thus,  this  portion  of  the  overall  plan  also  represents  the  most 
efficient  plan  in  terms  of  economic  benefits,  technical  feasibility 
and  environmental  effects. 

fcnvi ronmcntal  Considerations  An  estimated  119.8  acres  of  land,  in¬ 
cluding  41.0  acres  of  wooded  land  and  32.0  acres  of  tilled  cropland, 
would  be  required  for  the  project.  The  conversion  of  4.2  acres  of 
wooded  land  and  28.2  acres  of  undeveloped  lands  is  expected  to  have 
adverse  effects  on  small  mammal  communities  in  the  area.  The 
channel  widening  and  bank  protection  measures  would  have  at  least 
short-term  adverse  effects  on  project  areas,  small  mammals,  amphibians, 
the  limited  area  stream  fishery,  and  other  aquatic  fauna.  Many 
of  these  biological  communities  can  be  expected  to  begin  repopulating 
the  area  once  the  construction  activity  ceases.  The  regular  main¬ 
tenance  of  the  project,  such  as  mowing  of  levees,  will  permanently 
suppress  species  that  formerly  occupied  such  areas.  Although  channel 
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excavation  and  bank  protection  works  would  markedly  affect  stream 
water  quality  during  and  shortly  after  construction,  the  long-term 
impact  of  these  works  is  expected  to  be  beneficial  in  terms  of 
reduced  erosion,  sedimentation,  and  turbidity.  The  loss  of  mature 
shade  trees  and  impairment  of  the  river  view  at  riverside  residences 
would  be  a  long-term  adverse  effect.  Recreational  trail  use  would 
result  in  a  long-term  change  in  the  physical  setting  and  increased 
noise  levels  during  the  summer  at  one  riverside  residence  adjacent 
to  the  trail. 

The  proposed  acquisition  of  71.1  acres  of  flood  plain  lands  for 
floodway  purposes  would  provide  a  long-term  beneficial  impact  in 
preserving  the  natural  area  from  future  encroachments.  Aesthetic  and 
wildlife  habitat  losses  would  be  minimized  by  reseeding  all  disturbed 
areas  with  selected  grass  species  and  replacing  lost  residential 
trees  with  similar  but  smaller  species  at  selected  locations. 

The  proposed  works  are  considered  to  provide  a  balance  between  adverse 
environmental  impacts  and  need  for  effective  flood  damage  reduction 
at  Marshall. 

EXECUTIVE  ORDERS  11988  and  11990  CONSIDERATIONS 

The  selected  levee  alignments  make  use  of  existing  high  ground, 
are  economical  and  engineeringly  efficient  levee  alignments. 

However,  the  selected  levee  alignments  protect  205  acres  of  flood 
plain  presently  in  agricultural  use.  In  response  to  Executive  Orders 
11988  and  11990  concerning  flood  plain  development  and  wetlands 
protection,  alternate  levee  alignments  were  developed  for  both  the 
upstream  and  downstream  reaches  of  the  project.  Analysis  of  the 
alternate  levee  alignments  determined  that  they  did  not  constitute 
"practicable"  alternatives  (as  defined  by  the  Executive  Orders)  nor 
did  they  preclude  development  in  the  flood  plain.  In  addition,  the 
selected  levee  alignment  generally  fulfills  the  requirements  from 
the  President's  1980  budget  criteria  concerning  flood  plain  development. 


The  selected  and  alternative  levee  alignments  would  have  similar 
effects  on  the  natural  and  beneficial  values  of  the  flood  plain. 

The  selected  levee  alignments  may  however,  accelerate  future  develop¬ 
ment  in  the  flood  plain  by  eliminating  fill  requirements  needed 
under  existing  conditions  to  meet  State  flood  plain  management  criteria. 
The  alternate  levee  alignments  would  approximately  double  the  fill 
requirements  necessar,  for  development  under  existing  conditions, 
which  may  discourage  or  retard  future  floci  plain  development. 

OTHER 

Two  feet  of  freeboard  over  the  SPF  flood  levee  would  be  provided  along 
the  right  bank  levee  upstream  of  the  existing  diversion  structure 
to  confine  flood  flows  exceeding  the  133-year  design  level  between 
the  levee  and  the  Burlington  Northern  Railroad  embankment.  Thus, 
the  impact  of  floods  on  human  safety  with  the  proposed  project  would 
not  be  a  major  concern. 

The  overall  study,  draft  report.  Environmental  Impact  Statement,  and 
public  notices  were  coordinated  with  Federal,  State,  regional  and 
local  interests  and  groups.  Appendix  II  of  this  report  and  Section  9.0 
of  the  Revised  Draft  Environmental  Impact  Statement  contain  correspond¬ 
ence  from  the  various  concerned  groups  and  interests,  as  well  as 
the  responses  to  their  comments. 

CONCLUSION 

I  find  that: 

a.  The  action  proposed  in  the  recommendations  section  of  this 
report  is  based  on  a  thorough  analysis  and  evaluation  of  various 
practicable  alternative  courses  of  action  for  achieving  the  stated 
objectives. 

b.  Wherever  unavoidable  adverse  effects  are  found  to  be  involved, 
they  cannot  be  avoided  by  reasonable  alternative  courses  of  action 
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which  would  achieve  the  congressional ly  specified  project  purpose. 

c.  Where  the  proposed  action  results  in  an  adverse  effect, 
this  effect  is  either  minimized  or  substantially  outweighed  by 
other  considerations  of  national  policy. 

d.  The  fill  sites  for  the  Marshall  project  have  been  evaluated 
and  found  in  compliance  with  the  Section  404(b)(1)  Guidelines. 

c.  The  selected  project  is  in  compliance  with  Executive  Orders 
11988  and  11990. 

f.  The  selected  alignment  was  coordinated  and  reviewed  by 
the  Minnesota  Department  of  Natural  Resources  and  found  to  be 
acceptable. 

Accordingly,  it  is  my  decision  that  the  public  interest  would  be 
best  served  by  implementation  of  the  recommended  action.  Also,  this 
plan  is  acceptable  to  the  city  of  Marshall  and  the  other  agencies 
and  interests  associated  with  this  study. 


RECOMMENDATION 


I  recommend  that  the  United  States  provide  additional  flood  damage 
reduction  measures  and  related  recreational  improvements  at  Marshall, 
Minnesota,  generally  in  accordance  with  the  plan  proposed  herein,  with 
such  modifications  thereof  as  in  the  discretion  of  the  Chief  of  Engi¬ 
neers  may  be  advisable.  The  President  in  his  June  19"8  water  policy 
message  to  Congress,  proposed  several  changes  in  cost-sharing  for 
water  resources  piojects  to  allow  States  to  participate  more  actively 
in  project  implementation  decisions  and  to  equalize  cost-sharing  between 
structural  and  nonstructural  flood  damage  prevention  projects.  These 
changes  include  a  cash  contribution  from  benefiting  States  of  5  percent 
of  the  first  costs  of  construction  assigned  to  nonvendible  project 
purposes.  Application  of  this  policy  to  the  Marshall  project  would 
require  the  State  of  Minnesota  to  contribute  an  estima'd  $125,200  in 
cash  (5  percent  of  $2,504,000  total  estimated  project  first  costs  of 
construction  assigned  to  nonvendible  project  purposes  based  on  October 
1977  price  levels) . 

The  president  also  proposed  that  the  present  cost -sharing  require¬ 
ments  for  flood  damage  prevention  projects  be  modified  to  require  a 
cash  or  in-kind  contribution  equal  to  20  percent  of  the  project  first 
costs  assigned  to  flood  damage  prevention  benefits.  Application  of 
this  policy  to  the  Marshall  project  would  require  that  non-Federal 
interests  make,  in  addition  to  the  State  contribution,  as  a  cash  or 
in-kind  contribution  of  an  estimated  $412,100  (20  percent  of  the  total 
project  first  costs  of  construction  -  separable  costs  assigned  to 
recreation).  Also,  non-Federal  interests  will  be  required  to  pay, 
contribute  in  kind  or  repay,  with  interest,  50  percent  of  the  separable 
cost  for  construction  of  recreational  facilities,  in  accordance  with 
the  Federal  Mater  Project  Recreation  Act  of  1965.  The  amount  involved 
is  presently  estimated  at  $221,600.  In  addition,  non-Federal  interests 
wxll  be  required  to  provide  assurances  satisfactory  to  the  Secretary  of 
the  Army  that  they  will: 
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a.  Hold  and  save  the  United  States  free  fe-M  damages  that  may 
result  from  construction  and  maintenance  of  the  project,  not  including 
damages  which  are  due  to  the  fault  or  negligence  of  the  United  States 
or  its  contractors. 

b.  Maintain  and  operate  the  project  after  completion  in  accord¬ 
ance  with  regulations  prescribed  by  the  Chief  of  Engineers. 

The  combined  non- Federal  share  of  project  costs  is  currently 
estimated  to  be  $758,900  of  total  first  cost  and  $9,000  annual  operation 
and  maintenance  cost.  I  recommend  construction  authorization  for  the 
Marshall  project  in  accordance  with  the  President’s  proposed  cost-sharing 
policy. 


WILLIAM  W.  BADGER 
Colonel,  Corps  of  Engineers 
District  Engineer 
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for  Flood  Control 
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SECTION  A 


THE  STUDY  AND  REPORT 

1.  This  section  presents  a  discussion  of  study  purpose  and  au¬ 
thority,  scope  of  study,  study  participants  and  coordination  and 
prior  studies  and  reports  on  the  same  subject.  It  also  includes 
a  short  discussion  on  the  relationship  of  this  technical  report 
to  the  main  report. 

PURPOSE  AND  AUTHORITY 

2.  Flooding  of  the  Redwood  River  at  Marshall  has  been  a  severe 
burden  on  the  community.  In  1963,  permanent  flood  control  works 
including  channel  improvements,  levee  works,  and  a  channel  diver¬ 
sion  were  constructed  by  the  Federal  government  to  reduce  the  re¬ 
curring  flood  damages.  The  subsequent  1969  flood,  however,  demon¬ 
strated  very  clearly  that  the  project  would  not  convey  the  design 
flood  through  Marshall  in  the  manner  prescribed  in  the  original 
project  document  and  design  memorandum. 

3.  Authority  for  this  study  is  provided  for  in  section  216  of 
the  River  and  Harbor  Act  of  1970.  This  section  of  the  Act  states: 

"The  Secretary  of  the  Army,  acting  through  the  Chief  of  Engi¬ 
neers,  is  authorised  to  review  the  operation  of  projects  the 
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construction  of  which  has  been  completed  and  which  were  con¬ 
structed  by  the  Corps  of  Engineers  in  the  interest  of  navigation, 
flood  control,  water  supply,  and  related  purposes,  when  found  ad¬ 
visable  due  to  significantly  changed  physical  or  economic  con¬ 
ditions  and  to  report  thereon  to  Congress  with  recommendations  on 
the  advisability  of  modifying  the  structures  of  their  operation, 
and  for  improving  the  quality  of  the  environment  in  the  overall 
public  interest." 


SCOPE  OF  STUDY 


4.  This  investigation  concerns  the  adequacy  of  the  existing  Corps 
of  Engineers  project  in  providing  flood  damage  reduction  in  the 
city  of  Marshall  and  adjacent  urbanized  area  both  upstream  and  down 
stream  of  the  city.  Investigations  were  made  in  sufficient  detail 
to  permit  selection  of  the  best  overall  plan  from  a  series  of  al¬ 
ternatives  and  establish  final  project  designs  and  cost  estimates. 
Field  surveys  were  made  to  obtain  needed  topographic  information. 
Borings  were  taken  at  certain  locations  to  establish  foundation  con 
ditions.  Field  investigations  were  also  made  to  identify  critical 
erosion  areas  and  other  channel  characteristics,  and  to  determine 
the  impact  of  the  alternatives  considered  on  the  environment.  Se¬ 
lection  of  the  recommended  plan  was  made  after  considering  various 
effects,  current  planning  policies  and  criteria,  and  views  of  the 
affected  public.  Coordination  was  maintained  throughout  the  study 
with  the  City  of  Marshall  and  interested  State  and  Federal  agencies 
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STUDY  PARTICIPANTS  AND  COORDINATION 


5.  The  principal  objective  during  the  formulation  phase  of  this 
study  was  to  devise  an  effective  plan  that  is  acceptable  to  the 
local  public.  Plan  formulation,  plan  selection,  final  designs  and 
estimates  and  preparation  of  the  draft  report  were  accomplished  by 
Wehiman,  Chapman  Associates,  Inc.  -  Minneapolis,  Minnesota  under 
contract  to  the  St.  Paul  District  Corps  of  Engineers.  The  St.  Paul 
District  had  principal  responsibility  for  the  study  including 
contract  supervision,  coordination  with  the  public  and  interested 
local.  State  and  Federal  agencies,  and  preparation  of  the  final  re¬ 
port  and  environmental  statement. 

6.  Several  meetings  were  held  with  the  City  of  Marshall  to  enable 
selection  of  the  best  plan.  Formulation  stage  meetings  with  the  Marshall 
City  Council  to  discuss  upstream  and  downstream  improvements  were 

held  on  3  March,  1975  and  20  October  1975,  respectively.  Comments 
concerning  the  possible  effects  of  a  project  action  on  area  envir¬ 
onmental,  historical,  and  cultural  values  were  requested  from  the 
following  agencies: 

*  Minnesota  Department  of  Natural  Resources 

*  Minnesota  Pollution  Control  Agency 

*  Minnesota  Department  of  Highways 

*  Fish  and  Wildlife  Service  -  Department  of  the  Interior 

*  Bureau  of  Outdoor  Recreation  -  Department  of  the  Interior 

*  National  Park  Service  -  Department  of  the  Interior 

*  Soil  Conservation  Service  -  Department  of  Agriculture 

*  U.S.  Environmental  Protection  Agency 
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7.  A  late  stage  public  meeting  was  held  in  Marshall  during  February 
1977  to  receive  comments  and  any  suggested  modifications  to  the 
proposed  plan  of  improvement.  On  2  March  1978,  a  meeting  was  held 
with  city  officials  to  review  revised  study  recommendations  based  on 
a  review  of  the  draft  report  by  higher  Corps  authority.  On  2  April 
1979  a  meeting  was  held  with  city  officials  and  interested  public 
to  discuss  additional  studies  of  proposed  flood  barrier  alignments  in 
response  to  the  President's  Executive  Orders  11988  and  11990. 

The  city  also  adopted  at  this  meeting,  resolutions  indicating  its 
willingness  and  interest  to  meet  local  assurances  of  cooperation  for 
the  proposed  flood  plain  management  and  recreation  measures  when 
and  as  required.  Copies  of  these  resolutions  and  transmitting 
correspondence  are  included  in  Appendix  2. 
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THE  REPORT 


8.  This  report  consists  of  three  parts:  the  main  report  and  two 
appendices.  The  main  report  is  a  non-technical  presentation  con¬ 
cerning  problems  and  needs  alternative  plans  and  their  effects, 
and  a  recommended  course  of  action  to  solve  the  flood  problems  at 
Marshall.  The  main  report  provides  a  broad  view  of  the  overall  study 
for  the  benefit  of  both  general  and  technical  readers.  It  also  pro¬ 
vides  emphasis  on  study  items,  such  as  plan  implementation,  report 
review  by  others,  and  study  recommendations. 

9.  Appendix  I  is  a  detailed  technical  version  of  the  main  report. 
Although  it  follows  the  same  general  outline  as  the  main  report, 

it  examines  the  problems,  needs,  and  alternative  solutions  in  depth 
for  the  benefit  of  technical  review. 

10.  Appendix  II  contains  all  pertinent  correspondence  affecting  co¬ 
ordination  among  Federal  and  State  agencies  and  local  interests  and 
a  summary  of  public  involvement  activities  conducted  during  the 
study. 


PRIOR  STUDIES  AND  REPORTS 


11.  House  Document  No.  230,  74th  Congress,  1st  session,  includes  a 
report  submitted  by  the  St.  Paul  District  Engineer  on  24  November, 
1934,  concerning  water  and  related  land  resource  problems  in  the 
Minnesota  River  Basin.  However,  this  report  did  not  specifically 
consider  flooding  and  related  problems  in  the  Redwood  River  Basin. 

Appendix  I 
A-4 


12.  House  Document  417,  86th  Congress,  2nd  session,  includes  a 
25  March,  1960  report  from  the  St.  Paul  District  Engineer  recom¬ 
mending  flood  control  improvements  at  Marshall  to  include  clear¬ 
ing  and  snagging  of  a  3.1  mile  reach  of  the  Redwood  River,  con¬ 
struction  of  2,135  feet  of  levee,  and  a  floodwater  diversion 
channel  at  a  Federal  first  cost  of  $2,252,000  and  subject  to  cer¬ 
tain  assurances  of  local  cooperation. 

13.  A  General  Design  Memorandum  on  authorized  improvements  on  the 
Redwood  River  at  Marshall  was  completed  by  the  St.  Paul  District, 

U.S.  Army  Corps  of  Engineers  in  November  1961.  This  report  provi¬ 
ded  the  detailed  designs  and  cost  estimates  for  the  existing  Corps 
flood  control  project. 

14.  A  flood  plain  information  report  on  the  Redwood  River  at  Mar¬ 
shall  was  completed  by  Wehrman,  Chapman  Associates,  Inc.  Minneapolis, 
Minnesota  under  contract  to  the  Corps  of  Engineers  in  March,  1975. 
This  report,  prepared  at  the  request  of  the  City  of  Marshall  with  the 
endorsement  of  the  Minnesota  Department  of  Natural  Resources,  con¬ 
tains  maps,  profiles,  and  cross-sections  which  indicate  the  extent 

of  flooding  which  has  been  experienced  and  which  could  occur  in  the 
future  at  Marshall. 

15.  Other  related  reports  include  the  Comprehensive  Plan  for  the 
City  of  Marshall  dated  December  1962  with  subsequent  supporting  up¬ 
dates  and  addendums  and  the  State  Comprehensive  Outdoor  Recreation 
Plan  (SCORP). 

16.  A  final  draft  Flood  Insurance  Study  Report  dated  August  1976  for 
the  City  of  Marshall  was  prepared  by  the  St.  Paul  District  under  con¬ 
tract  with  the  Federal  Insurance  Administration  of  the  U.S.  Depart¬ 
ment  of  Housing  and  Urban  Development. 
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17.  Flood  plain  management  regulations  adopted  by  the  City  of 
Marshall  on  21  February  1978.  These  regulations  designate  (and 
regulate  development  in)  the  Floodway  and  Flood  Fringe  Districts 
as  shown  on  the  incorporated  official  zoning  map. 

18.  A  report  entitled  "Archeological  Survey  of  a  Proposed  Flood 
Control  Project  in  Marshall,  Minnesota"  was  prepared  in  1978  by 
the  St.  Paul  District,  U.S.  Army  Corps  of  Engineers.  This  report 
documents  the  results  of  archeological  field  surveys  to  identify 
the  presence  and  location  of  any  archeological  sites  that  may  be 
affected  by  proposed  flood  control  measures. 
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SECTION  B 


RESOURCES  AND  ECONOMY 
OF  THE  AREA 


1.  This  section  of  the  report  discusses  the  natural  and  human  re¬ 
sources  and  state  of  development  and  economy  at  Marshall. 

2.  The  City  of  Marshall  (1970  population  of  9,886)  is  located  in 
southwestern  Minnesota  near  the  center  of  the  Redwood  River  Basin 
as  shown  on  plate  B-l.  It  is  located  at  mile  6S-/  on  the  Redwood 
River,  which  rises  near  the  Minnesota  -  South  Dakota  boundary  and 
flows  northeasterly  to  a  point  about  seven  miles  northeast  of  Mar¬ 
shall,  where  it  turns  and  then  flows  generally  eastward  to  its  con¬ 
fluence  with  the  Minnesota  River.  Marshall  is  a  farm  service  cen¬ 
ter  in  a  relatively  wealthy  agricultural  region.  Rich  prairie  soils 
in  the  surrounding  area  provide  for  high  crop  production  except 
during  drought  periods. 

ENVIRONMENTAL  SETTING  AND 
NATURAL  RESOURCES 

3.  Marshall  is  located  on  the  Redwood  River,  between  approximate 
river  miles  66.0  and  70.8  as  shown  on  plates  B-l  and  B-2.  The  town 

— ^All  Redwood  River  mileages  referenced  to  mile  0  at  the  confluence 
of  the  Redwood  and  Minnesota  Rivers. 
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lies  on  the  divide  between  the  Redwood  River  Basin  and  Cottonwood 
River  Basin,  the  Cottonwood  River  being  about  six  miles  to  the  south 
at  its  nearest  point.  The  study  area  (plates  B-l  and  B-2)  consid¬ 
ered  in  this  study  is  comprised  of  two  separate  Redwood  River  reaches. 
The  lower  reach  extends  from  State  Highway  23  (mile  58. 3)  to  the 
downstream  confluence  of  the  river  channel  and  diversion  channel 
(mile  66.3).  The  upstream  reach  covers  the  remainder  of  the  river 
upstream  through  the  city  to  the  upstream  end  of  the  existing  left 
bank  levee  at  river  mile  73.8  located  immediately  upstream  of  the 
Burlington  Northern  Railroad  bridge. 

LAND  USE 

4.  Land  use  outside  the  urbanized  area  is  predominantly  agricul¬ 
tural  with  scattered  rural  residential  and  recreation  uses.  Typi¬ 
cal  agricultural  land  use  along  the  upstream  reach  is  shown  on  the 
following  photograph.  In  most  instances,  this  land  use  extends  up 
to  the  narrow  fringe  of  forest  which  borders  the  river  channel. 

The  Comprehensive  Guide  Plan-^for  Marshall  indicates  that  by  1980, 
and  with  adequate  protection  against  flooding,  much  of  the  agricul¬ 
tural  (mainly  crop)  land  in  and  adjacent  to  the  city  and  the  river 
corridor  will  be  developed  in  about  the  same  proportions  of  land  use 
mix  presently  experienced.  Public  land  use  adjacent  to  the  river 
corridor  principally  consists  of  a  State  wayside  park  at  approximately 
river  mile  72.5  as  shown  on  plate  B-l  and  the  Southwest  State  College 
at  Marshall  on  the  opposite  side  of  town,  shown  on  plate  B-2.  The  only 
industrial  use  along  either  study  reach  is  limited  to  that  of  the 
Burlington  Northern  Railroad  at  the  upstream  study  area  limit. 


V 


The  Comprehensive  Plan,  City  of  Marshall,  Minnesota 
December,  1962 
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Agricultural  Land  Use-Upstream  Reach 

GEOLOGY,  TOPOGRAPHY  AND  SOILS 


5.  The  underlying  rock  formations  in  Lyon  County  date  from  Pre- 
cambrian,  Cretaceous,  Pleistocene  and  recent  times.  Granite  and 
quartz iet  comprise  the  Precambrian  rocks.  The  Cretaceous  strata 
overlie  this  and  are  composed  of  thick  sections  of  soft  shale  and 
thin  beds  of  sandstone.  Glacial  drift  deposited  in  the  Late  Wis¬ 
consin  glaciation  of  the  Pleistocene  period  overlies  the  Precambrian 
and  Cretaceous  rocks,  forming  the  surface  of  the  area.  Recent  de¬ 
posits  of  alluvium  overlie  the  glacial  drift  in  valleys  and  stream 
channels. 
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6.  In  the  project  area,  the  Redwood  River  flows  in  a  shallow  chan¬ 
nel  across  the  Lowland  Plain  of  the  county.  It  is  a  slow-moving, 
meandering  stream  with  a  gradient  of  less  than  seven  feet  per  mile. 
The  river  bottom  is  silted  and  relatively  free  of  rocks  and  other 
obstructions  to  the  water  flow.  Erosion  can  be  a  major  problem 
along  the  riverbank  as  heavy  rainfall  and  flooding  wash  away  the  top¬ 
soil  along  the  river. 

7.  The  Redwood  River  originates  southwest  of  Marshall  on  an  ele¬ 
vated  till  plain  and  flows  northeastward  in  a  well-defined,  shallow 
valley  less  than  1/4  mile  wide.  From  its  origin,  the  river  descends 
about  500  feet  across  a  prominent  regional  slope  onto  an  undulating 
till  plain  that  slopes  gently  to  the  northeast.  The  river,  on  this 
lower  plain,  occupies  a  shallow  channel  that  meanders  across  the 
plain  in  a  meander  belt  1,000  to  1,500  feet  wide  with  no  well-defined 
valley  or  flood  plain  for  several  miles  northeast  of  the  base  of  the 
regional  slope.  The  lack  of  a  confining  valley  and  reduction  in 
gradient  on  the  lower  plain  contribute  significantly  to  overland 
flooding  in  the  Marshall  area. 

8.  The  city  of  Marshall  is  located  about  two  miles  northeast  of  the 
base  of  the  regional  slope.  The  upstream  study  reach  is  on  a  belt 
of  alluvium  that  parallels  the  base  of  the  slope.  Borings  in  this 
area  showed  from  10  to  more  than  32  feet  of  mixed  alluvial  silt, 
clay  and  sand  of  recent  origin  resting  on  glacial  sediments  consis¬ 
ting  of  clayey  till  with  some  outwash  sand.  Some  of  the  deeper  sand 
identified  as  recent  alluvium  may  actually  be  glacial  outwash  ma¬ 
terial.  Borings  for  the  downstream  study  reach  showed  only  2  to  12 
feet  of  alluvial  clay,  silt  and  sand  overlying  glacial  till.  The 
topography  along  both  study  reaches  consists  of  a  river  channel  30 
to  60  feet  wide  and  6  to  8  feet  deep  meandering  across  nearly  level 
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terrain,  as  shown  on  the  plates  in  section  E  of  this  report.  The 
depths  to  water  recorded  for  the  project  borings  were  in  most  cases 
determined  before  static  water-level  conditions  were  reached  and 
vary  from  5-1/2  to  28  feet.  The  more  reliable  measurements,  how¬ 
ever,  indicate  that  a  water  table  under  the  proposed  levee  alignments 
should  be  expected  at  a  depth  of  5  to  7  feet.  Well  records  in  the 
area  show  that  glacial  sediments  extend  to  a  depth  of  60  to  100  feet 
and  are  underlain  by  Cretaceous  shale  with  some  sandstone. 

GROUND  WATER  -  C ITV  WATER  SUPPLY 

9.  The  municipal  water  supply  is  pumped  from  eleven  wells  which 
penetrate  to  the  deeper  artesian  sandstones.  Present  storage  ca¬ 
pacity  is  3.1  million  gallons.  The  pumping  capacity  of  these  wells 
is  2,500  gallons  per  minute  with  an  average  demand  of  1,500  gallons 
per  minute.  Peak  demand  is  2,300  gallons  per  minute.  Fluoride  is 
added  to  city  water  as  required  by  state  law.  The  water  from  the 
main  artesian  sandstone  is  quite  hard  with  513  ppm,  containing  large 
amounts  of  sodium,  sulphates  and  chlorine. 

10.  Meltwater  deposits  associated  with  the  Marshall  moraine  may  have 
lateral  subsurface  extents  of  a  mile  or  more  beyond  the  limits  of 
the  surficial  channels.  These  may  have  value  as  sources  of  ground 
water  although  in  the  lowland  plain  around  Marshall,  the  glacial 
drift  is  too  thin  for  these  to  be  important  sources  of  ground  water. 
The  pockets  and  layers  of  sand  and  gravel  afford  generally  reliable 
sources  of  water. 

11.  The  water  table  fluctuates  seasonally,  reflected  in  most  wells 
in  the  area.  When  annual  precipitation  is  normal,  water  levels  rise 
in  the  spring  due  to  heavy  rainfall,  snowmelt  and  frostmelt.  This 
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is  followed  by  a  gradual  decline  from  late  spring  until  the  first 
killing  frost.  The  rate  of  decline  in  fall  and  winter  gradually 
decreases  until  it  is  almost  non-existent.  Recharge  to  the  ground 
water  supply  is  effected  by  precipitation  and  discharge  is  accom¬ 
plished  through  evapotransp irat ion  and  the  flow  of  ground  water  in¬ 
to  effluent  streams.  Minor  fluctuations  of  the  water  level  may  be 
due  to  atmospheric  pressure  changes  or  pumping  of  nearby  wells. 

THE  STREAM  AND  ITS  VALLEY 

12.  The  Redwood  River  rises  in  Pipestone  County  and  is  a  major 
tributary  of  the  Minnesota  River.  It  has  an  elongated  drainage  area 
of  approximately  743  square  miles  of  which  about  307  square  miles 
are  drained  above  Marshall.  In  both  reaches  the  river  is  generally 
less  than  40  feet  wide  with  numerous  areas  of  steep,  eroding  banks 
and  is  flanked  on  both  sides  by  a  fairly  dense  tree  and  understory 
cover  as  shown  on  the  following  photograph. 


Typical  Riverbank  Vegetation 
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SURFACE  WATER  QUALITY 

13.  The  waters  of  the  Redwood  River  within  the  project  area  are 
classified  as  2B,  3C,  4A  and  B,  5  and  6  by  the  State  of  Minnesota. 
Surface  water  quality  data  for  the  Redwood  River  is  presented  in 
Table  B-l.  Applicable  water  quality  standards  are  given  in  Table  B-2. 
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Table  B-8  -  Water  Quality  Data  for  Redwood  Riv 
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Table  B-2  -  Existing  Water  Quality  Standard  Applicable  to 
Redwood  River  at  Marshall 
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Table  B-2 
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14.  From  its  source  to  a  few  miles  southwest  of  Marshall,  the  Red¬ 
wood  River  slopes  at  a  rate  of  about  18  feet  per  mile.  From  this 
point  to  Redwood  Falls,  the  slope  is  approximately  four  feet  per 
mile.  From  Redwood  Falls  to  the  river's  mouth  at  the  Minnesota 
River,  the  average  slope  increases  to  about  24  feet  per  mile. 

15.  The  general  topography  of  the  basin  is  that  of  rolling  upland 
area.  From  the  source  of  the  river  at  an  elevation  of  about  1,850 
feet  above  sea  level,  the  land  slopes  down  to  an  elevation  of  1,200 
feet  near  Marshall.  From  this  point,  the  river  flows  southeastward 
to  Redwood  Falls  where  the  elevation  is  1,000  feet.  The  relatively 
short  distance  from  the  City  of  Redwood  River  to  the  Redwood  River's 
confluence  with  the  Minnesota  River  is  characterized  by  a  drop  in 
elevation  of  about  150  feet. 

CLIMATE 

10.  Marshall's  climate  is  characteristically  continental  as  it  lies 
in  the  western  portion  of  the  Interior  Lowlands.  Wide  seasonal 
variations  in  temperature  are  the  norm  for  this  area.  The  average 
July  mean  daily  temperature  is  74°  F.  while  January,  the  coldest 
month,  has  a  mean  temperature  of  13°  F.  The  highest  temperature 
recorded  in  Marshall  prior  to  1960  was  107°  F;  the  lowest  was  -36°F. 
The  average  annual  temperature  is  about  45°  F.  The  average  date  of 
the  last  spring  freeze  is  May  8th  while  the  first  fall  frost  is  gen¬ 
erally  about  September  26th.  The  average  annual  growing  season  is 
approximately  150  days. 

17  .  The  average  annual  precipitation  is  27  inches,  42  percent  of 
this  occurring  during  the  June  -  August  period.  The  average  growing 
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season  (May  -  September)  precipitation  is  14  inches.  The  monthly 
average  is  only  2.2  inches,  although  high-intensity  rains  of  four 
or  five  inches  in  24  hours  are  not  uncomnon  during  the  spring  and 
summer.  The  maximum  precipitation  in  a  24-hour  period  in  Marshall 
was  the  8.07  inches  recorded  on  June  17,  1975.  The  recorded  maximum 
annual  precipitation  is  36.83  inches  recorded  in  1957.  In  1976, 
only  12.05  inches  of  precipitation  fell,  the  minimum  recorded  at 
Marshall.  Annual  snowfall  averages  40  inches  while  the  average 
annual  number  of  days  with  snow  cover  of  one  inch  or  more  is  90. 

VEGETATION 


18  .  Continued  development  over  the  years  has  left  only  a  few  small 
plots  of  native  or  virgin  prairie  and  to  a  certain  extent,  the  nar¬ 
row  river  woodlands  as  the  only  original  plant  communities  in  the 
vicinity  of  Marshall.  These  communities  can  best  be  described  as: 
natural  prairie,  grasslands  inhabiting  previously  tilled  crop  land, 
domesticated  agricultural  or  residential  lands,  and  the  woodlands 
near  the  river.  The  wooded  river  corridor  along  the  upstream  study 
reach  is  an  extension  of  the  coulee  ravine  woods  protruding  from 
the  slopes  of  the  Coteau  des  Prairie,  these  woods  known  locally  as 
the  Lynn  Woods.  Reed  canary  grass  is  by  far  the  most  abundant  grass 
species  along  this  reach  and  is  found  both  on  the  river  banks  and 

in  the  river.  Major  tree  species  include  American  Elm,  Green  Ash, 
Cottonwood,  Willows  and  Bur  Oak.  Sugar  Maple  and  Quaking  Aspen 
are  present  in  limited  numbers.  The  understory  along  the  river  is 
extremely  dense  and  includes  Wild  Plum,  Choke  Cherry,  High  Bush 
Cranberry,  June  Berry,  Sand  Bar  Willow,  etc. 

19  .  Most  common  tree  species  in  the  downstream  study  reach  are  the 
Box  Elders.  Reed  canary  grass  is  most  dominant  of  all  species  along 
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this  reach.  Little  evidence  of  shrub  communities  are  found  ex- 
i  ept  near  the  city  of  Marshall.  The  only  resemblance  to  native 
prairie  vegetation  can  be  found  on  two  small  floodway  tracts  enclosed 
by  ox-bows.  A  typical  example  of  vegetation  along  the  downstream 
reach  is  shown  on  the  following  photograph. 


Typical  Flood  Plain  Vegetation  -  Downstream  Reach 


Aquatic  vegetation  along  both  reaches  generally  consists  of  a 
large  number  of  species  of  peri-phyton  (attached  algae)  and  a  few 
species  of  macro-phytes  (aquatic  weeds).  Phyto-plankton  comprised 
mainly  of  green  algae  and  diatoms  are  also  present. 
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FISH  AND  WILDLIFE 


20  .  Several  wildlife  management  areas  are  located  within  ten  miles 
of  the  study  area,  but  none  are  in  or  adjacent  to  the  project  area. 

The  river  woodlands  provide  habitat,  protection  from  predators,  and 
a  source  of  food  and  water  for  a  variety  of  wildlife.  The  most  com¬ 
mon  species  of  furbearing  animals  found  in  the  area  include  the  red 
fox,  raccoon,  mink,  muskrat,  and  beaver.  The  woodlands  along  the 
river  just  downstream  of  Marshall  are  uniquely  important  to  the  lo¬ 
cal  bird  population  as  many  species  of  wading  birds  are  attracted 
to  the  sewage  disposal  ponds  located  north  of  Marshall.  Species 
which  utilize  the  river  woodlands  as  roasting  areas  include  the 
snowy  egret  (Leucophoyx  Thula  Thula),  least  tern  (Sterna  albatrass) , 
piping  plover  (Charadrus  melodus) ,  and  the  buf f-breasted  sandpiper 
(Tryngites  subruf icallis) ,  along  with  about  30  common  species  of  birds. 
Game  birds  in  the  area  include  the  ring-necked  pheasant  (Phasianus 
colchicus) ,  redheads  (ducks  (Athya  americana)  and  various  species  of 
migrant  waterfowl. 

No  significant  fishery  exists  in  the  Redwood  River  at  Marshall  due  to 
21.  No  significant  fishery  exists  in  the  Redwood  River  at  Marshall 
due  to  the  high  turbidity  and  intermittent  periods  of  little  or  no 
discharge.  The  State  area  fisheries  manager  indicates  that  the  stream 
fishery  in  the  study  area  consists  of  common  minnow  (Cyprinus  sp.) 

species,  fathead  (Pimcphales  notatus),  and  sucker  (Catostomus  sp.), 
minnows  rough  fish  such  as  carp  (Cyprinus  carplo) ,  suckers  (Catostomus 
sp.),  and  bullheads  (Ictalurus  sp.);  and  possibly  a  few  green  sunfish 
(Lepomis  cyanellus)  and  orange  spotted  sunfish  (Lepomis  humilis).  A 
few  northern  pike  (Esox  lucius)  may  utilize  the  stream  during  spring 
high  water  to  reach  spawning  areas. 
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THREATENED  AND  ENDANGERED  SPECIES 


22.  A  review  of  the  26  September  1975  and  16  June  1976  Federal  Registers 
and  all  updates  indicate  that  no  threatened  or  endangered  animal  or 
plan  species  are  found  in  the  project  area  or  would  be  affected  by  the 
project.  Artie  peregrive  faleou  are  reportedly  an  infrequent  visitor 
to  the  area.  However  no  adverse  effect  on  this  species  is  considered 
likely. 


ARCHEOLOGICAL  -  HISTORICAL 

23.  In  compliance  with  Section  106  of  the  National  Historic  Preser¬ 
vation  Act  of  1966  and  Executive  Order  11593,  the  National  Register 

of  Historic  Places  has  been  consulted  and  as  of  9  December  1975, 
no  sites  in  the  proposed  project  area  have  been  designated  as  im¬ 
portant  historical  and/or  cultural  sites. 

24.  A  cultural  resources  literature  and  records  search  was  con¬ 
ducted  to  determine  the  presence  of  known  historic  and/or  prehis¬ 
toric  sites  and  to  estimate  the  potential  for  the  existence  of 
additional  sites.  The  search  disclosed  that  there  are  no  recorded 
prehistoric  sites  in  the  proposed  project  area,  but  that  imnedi- 
ately  upstream  of  the  area  there  are  recorded  burial  mounds.  Pre¬ 
historic  cultural  material  has  been  collected  in  the  vicinity  of 
the  mounds,  suggesting  the  presence  of  sites,  yet  unrecorded. 
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recreation 


25.  Marshall  has  four  municipal  parks  -  Legion  Field,  Liberty  Park, 
and  Freedom  Park,  and  the  generally  undeveloped  Justice  Park. 

These  parks  provide  facilities  for  swimming,  ice  skating,  tennis  and 
softball.  In  conjunction  with  this,  the  area  schools  make  all  of 
their  facilities  available  to  community  residents  for  recreation. 

One  private  18-hole  golf  course  is  located  in  Marshall.  The  State 
maintains  a  wayside  rest  area  southwest  of  the  community  on  State 
Highway  23.  The  Redwood  River  at  Marshall  is  occasionally  >.std  for 
wading  and  swimming.  The  natural  area  along  the  river  has  walking 
trails  outside  of  the  city,  but  they  are  not  publicly  owned.  Some 
horseback  riding  is  also  done  along  the  river  near  the  wayside  rest 
area.  Fishing  along  the  river  is  negligible  as  is  canoeing,  due  to 
the  very  shallow  areas,  fallen  trees,  etc.  The  City  is  presently 
making  a  study  of  a  perimeter  bicycle  trail  system  around  the  city. 
This  trail  system  would  utilize  existing  city-owned  diversion  channel 
right-of-way  and  would  provide  connections  to  the  college  and  down¬ 
town  areas. 
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AESTHETICS 


ib .  The  wooded  riverine  corridor  provides  an  attractive  setting  for 
the  City  of  Marshall,  otherwise  located  in  an  area  of  mostly  open 
and  monotonous  agricultural  land.  However,  in  certain  areas,  this 
natural  setting  is  interrupted  by  rural  residential  development  near 
or  on  the  riverbank  and  scarred  by  areas  of  severe  erosion,  mud 
and  silt  deposits,  and  piles  of  junk  and  debris  placed  on  the  river 
banks . 


INSTITUTIONAL  SETTING 


27.  In  accordance  with  federal  criteria,  the  Redwood  River  at 
Marshall  is  classified  as  a  navigable  stream.  The  Minnesota  Trust 
Doctrine  provides  that,  on  all  navigable  streams,  the  State  owns 
absolutely  the  bed  of  a  watercourse  nd  that  the  riparian  owner 
owns  that  shore  property  up  to  the  high  water  mark.  Chapter  105.38 
of  the  Minnesota  Statutes  provides  that  its  State  policy  to  control 
and  supervise,  insofar  as  practical,  the  construction,  reconstruc¬ 
tion,  repair,  removal  or  abandonment  of  dams,  reservoirs,  and  all 
control  structures  in  any  public  waters  of  the  State.  This  control 
and  supervision  is  accomplished  by  the  issuance  of  water  use  permits 
as  provided  in  Chapters  105.37  to  105.77. 

28.  The  Federal  interest  in  water  resource  management,  and  more 
specifically,  flood  control  at  Marshall,  is  embodied  in  the  speci¬ 
fic  legislation  authorizing  the  existing  project,  Section  205  of 
the  1960  River  and  Harbor  Act,  as  amended,  and  Section  216  of  the 
1970  River  and  Harbor  Act.  Section  205  provides  for  the  construction 
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of  small  flood  control  projects  with  a  Federal  first  cost  less 
than  $  1,000, 00 0^  without  specific  legislation,  and  which  are  com¬ 
plete  within  themselves.  Section  216  provides  for  the  review  of 
completed  project  with  a  view  towards  correcting  project  deficien¬ 
cies  due  to  significantly  changed  physical  or  economic  conditions. 

29.  Two  county  ditches  are  located  within  the  study  area.  These 
ditches,  No.  70  and  No.  62,  are  located  as  shown  on  plates  B-l  and 
B-2,  respectively,  are  maintained  by  Lyon  County  in  accordance  with 
State  law.  The  Redwood  River  is  classified  as  a  judicial  ditch 
along  a  reach  commencing  at  the  State  Highway  23  crossing  (mile 
58.3)  and  extending  downstream  into  Redwood  County. 

30.  The  existing  flood  control  project  at  Marshall  is  entirely  with¬ 
in  the  city  limits.  The  City  maintains  and  operates  the  project  in 
accordance  with  local  assurances  of  cooperation  previously  furnished 
by  the  City  to  the  Secretary  of  the  Army.  Under  present  State  law, 
communities  generally  do  not  have  the  expressed  right  to  enter  into 
cooperative  agreements  with  Federal  agencies  but  must  seek  and  ob¬ 
tain  specific  enabling  legislation  for  any  such  agreements.  How¬ 
ever,  the  City  did  furnish  the  required  assurances  for  the  existing 
project  and  very  likely  has  the  capability  to  provide  required  assur¬ 
ances  for  any  additional  relaied  work.  The  City  would  also  be  re¬ 
sponsible  for  providing  any  required  local  cash  contributions.  These 
contributions  could  possibly  include  State  or  County  contributions 
towards  project -related  highway  and  other  improvements  of  State  and/or 
County  interest 

31 .  Under  present  State  law,  local  communities  are  required  to  pro¬ 
mulgate  and  enforce  flood  plain  management  regulations  or  be  subject 

-^This  amount  is  increased  to  $2,000,000  if  the  area  has  been  desig¬ 
nated  a  Federally-declared  disaster  area  within  the  past  5  years. 
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to  such  regulations  imposed  by  the  State  in  the  absence  of  local 
regulations.  The  City  of  Marshall  presently  has  a  flood  plain 
management  program  in  effect  based  on  a  recently  completed  flood 
plain  information  i‘udy  by  the  Corps  of  Engineers.  The  unincor¬ 
porated  flood  plain  reaches  upstream  and  downstream  of  the  city 
are  subject  to  flood  plain  management  regulations  currently  in 
effect  for  Lyon  County. 


HUMAN  RESOURCES 


32  .  Minnesota  was  organized  as  a  territory  in  1849  and  Lyon  County 
saw  its  first  permanent  settlers  in  1867.  The  present  site  of  Mar¬ 
shall  was  settled  in  1869  by  C.H.  IVhitney  and  C.H.  Upton.  The 
only  advantages  of  the  site  at  that  time  were  its  proximity  to  the 
river,  the  close  location  to  an  Indian  trail  between  Lynd  and  Red¬ 
wood  Falls  and  its  good  farmland. 

33  .  1872  was  a  momentuous  year  for  Marshall.  In  July  of  that  year, 
the  town  was  named  in  honor  of  a  former  governor  of  Minnesota. 

October  12th  was  the  date  on  which  the  railroad  was  completed  as 

far  as  Marshall.  The  village  was  platted  in  October  and  the  Atlantic 
Hotel  was  opened  in  that  month.  In  1873,  the  State  Legislature 
passed  a  bill  changing  the  county  seat  from  Lynd  to  Marshall,  which 
was  ratified  by  the  voters  in  November,  1873. 

34 .  By  1874,  Marshall  had  a  population  of  300  and  in  1876  it  became 
an  incorporated  village.  The  population  was  961  in  1880  and  it  grew 
to  1,203  by  1890.  The  1890s  witnessed  the  major  growth  of  Marshall 
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as  the  population  grew  to  2,088  in  1900.  The  city  grew  steadily 
although  the  Depression  years  were  hard  and  by  1950,  population  was 
placed  at  5,923.  The  growth  between  1950  and  1960  was  758  persons, 
increasing  the  population  to  6,681.  The  1970  census  places  the  pop¬ 
ulation  at  9,886,  an  increase  of  48  percent  over  the  1960  population 
figures.  This  increase  is  attributable  both  to  annexation  by  the 
city  and  the  fact  that  the  Southwest  Minnesota  State  College  was 
established  in  1967.  The  college  enrollment  accounted  for  approx¬ 
imately  2,985  persons  in  1971.  The  increase  in  Marshall's  popula¬ 
tion  between  1960  and  1970  would  have  been  approximately  1,100  had 
the  college  not  been  established,  an  increase  of  16  percent. 

35.  College  enrollment  has  decreased  since  1970  and  is  expected  to 
stabilize  at  approximately  1,900  students  in  the  future.  Marshall 
will  continue  to  grow,  but  at  a  decreasing  rate  over  the  next  25 
years  as  indicated  by  the  projections  in  table  B-l,  unless  unforeseen 
circumstances  arise.  Projections  of  city  populations  for  1980  and 
1990  are  11,856  and  13,730  respectively,  while  the  population  is  ex¬ 
pected  to  reach  approximately  15,000  by  the  year  2000.  Developments 
that  might  change  the  pattern  of  growth  are  the  introduction  of  new 
industries,  creating  new  jobs,  and  the  possiblity  of  war  or  natural 
disaster . 
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Table  B-3  --  Present  and  Projected  Populations 


for  Marshal  1— ^ 

Year 

Marshal  1 

Population 

— ^  OBE  Subarea  0701 

Percent 

Change 

(Marshall) 

1900 

2,088 

— 

1910 

2,152 

... 

3.1 

1920 

3,092 

— 

43.7 

1930 

3,250 

--- 

5.1 

1940 

4,590 

— 

41.2 

1950 

5,923 

486,028 

29.0 

1960 

6,681 

495, 709^ 

12.8 

1970 

9,886 

495,730 

00 

1980  * 

11,856 

499,800 

19.9 

1990  * 

13,730 

524,800 

15.8 

2000  * 

IS, 436 

540,700 

14.4 

* 

Proj  ected 

— ^From  Comprehensive  Land  Use  Plan  for  Marshall,  dated  December  1962 
— ^Data  for  1962 

— ^Due  to  establishment  of  Southwest  Minnesota  State  College 

DEVELOPMENT  AND  ECONOMY 

36 •  Marshall  is  the  county  seat  of  Lyon  County,  a  part  of  the  rich 
agricultural  area  of  southwestern  Minnesota  and  thus  serves  as  an  im¬ 
portant  regional  government,  trade  and  service  center.  Southwest 
State  College  at  Marshall,  a  four-year  liberal  arts  college,  pro¬ 
vides  numerous  educational  opportunities  for  area  residents  and  pro¬ 
vides  a  resource  base  for  stimulated  research  of  area  socioeconomic 
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needs.  The  agricultural  base  of  the  Marshall  area  has  great  depen¬ 
dence  upon  the  marketing  of  animal  products.  This  is  quite  evident 
with  three  of  the  major  employers  involved  in  food  processing  and 
employing  over  a  total  of  1,000  persons.  Farming  has  undergone 
noticeable  changes  in  recent  years  as  cash  crops  have  diminished, 
livestock  and  dairy  farming  have  increased,  and  farms  have  become 
more  specialized.  More  than  90  percent  of  the  land  area  in  Lyon 
County  is  in  farms. 

37  .  Early  in  its  history,  Marshall  became  the  retail  center  for  the 
surrounding  farming  area.  The  railroad  and  Marshall's  importance 
as  the  county  seat  increased  its  possibilities  as  an  employment 
center.  Total  employment  is  growing  at  present,  as  indicated  in 
Table  B-2. 

Table  B-4  --  Comparative  Employment  Figures  By  Industry 


Category 

April 

1960 

July 

1973 

July 

1974 

Percent  Change 
1973  -  1974 

Trade 

769 

1,354 

1,485 

9 

Service 

286 

276 

243 

-11 

Manufacturing 

544 

1,193 

1,399 

17 

Construction 

109 

226 

113 

-50 

Transportation 

134 

213 

253 

18 

Government  (includes 
county,  state  and 

city, 

federal) 

414 

1,220 

1,291 

5 

Finance,  Insurance,  Real 

Estate  and  other  Activities  142 

166 

163 

-  1 

TOTAL: 

2,398 

4,648 

4,947 

6 
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38.  The  income  of  the  community  is  reflected  both  in  the  strength 
of  its  farm  markets  and  its  relationship  to  competition.  The  lack 
of  nearby  retail  competition  has  helped  Marshall  become  economically 
strong.  The  retail  strength  of  Marshall  is  very  good,  especially 

to  the  west  where  there  is  very  little  competition.  Median  family 
income  for  Marshall  area  residents  in  1970  was  $9,856  with  a  per- 
capita  income  of  $2,840. 

TRANSPORTATION 

39.  During  the  early  settlement  of  the  region,  the  Indian  trails 
across  the  prairie  provided  the  major  means  of  ingress  and  egress 
from  the  site  of  Marshall.  Presently  there  are  14  bridges  across 
the  Redwood  River  in  Marshall  and  seven  across  the  diversion  channel. 
The  major  highways  serving  Marshall  are  U.S.  Highway  59  and  State 
Trunk  Highways  19,  23,  and  68.  Interstate  29  is  63  miles  west  of 
Marshall.  Rail  service  is  provided  by  two  companies  which  provide 
overnight  service  to  the  Twin  Cities.  Inter-city  bus  service  is 
available.  Marshall  has  its  own  airport  with  a  charter  service 
available.  The  nearest  major  airport  is  at  Sioux  Falls,  South  Dakota. 

DESCRIPTIVE  PUBLICATIONS 

40.  In  addition  to  the  maps  of  the  study  area,  plates  R-l  and  B-2 
of  this  section,  available  descriptive  information  includes  aerial 
photography,  scale  1  inch  »  100  feet  by  the  Corps  of  Engineers,  a 
general  highway  map  of  Lyon  County,  scale  1  inch  *  1  mile  (5,280 
feet),  mapping  of  the  City  of  Marshall,  scale  1  inch  *  500  feet,  and 
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U.S.  Geological  Survey  quadrangle  maps,  scale  1  inch  *  2,000  feet 
and  a  contour  interval  of  10  feet.  Other  materials  include  the 
Comprehensive  Land  Use  Plan  for  the  City  of  Marshall,  with  support¬ 
ing  documents,  an  environmental  inventory  report  made  in  support  of 
this  study,  1969  flood  photographs  in  the  files  of  the  City  and 
various  local  newspapers,  aerial  photographs  taken  by  the  Soil  Con¬ 
servation  Service  in  1967,  and  the  flood  plain  information  report 
prepared  for  the  City  by  the  Corps  of  Engineers. 
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SECTION  C 


PROBLEMS  AND  NEEDS 


1.  Flooding  of  the  Redwood  River  at  Marshall  remains  the  principal 
water  resource  problem  in  the  area.  This  section  of  the  technical 
report  discusses  this  problem,  the  status  of  the  existing  Federally- 
constructed  flood  control  project,  and  improvements  desired  by  the 
i.'  i  ty  of  Marsha  1 1 . 


STATUS  OF  EXISTING  PLANS 
AND  IMPROVEMENTS 


2.  The  City  of  Marshall  is  provided  a  limited  amount  of  protection 
against  flooding  by  both  Federally  and  non-Federal ly  constructed 
projects.  In  1952  the  City  completed  a  1,100-foot  long  cut-off  on 
the  Redwood  River  at  about  mile  67.0  (plate  C-l).  This  cut-off  re¬ 
duced  the  channel  length  by  about  1,000  feet  and  together  with  1953 
channel  works  by  the  Corps  of  Engineers  provided  about  a  one-foot 
reduction  in  flood  stages  in  the  downstream  portion  of  the  town. 

In  1953  the  Corps  of  Engineers  completed  a  channel  clearing  and 
straightening  project  from  mile  56.3  to  the  downstream  limit  of  Mar¬ 
shall  (mile  66.8).  This  project  provided  for  removal  of  trees  and 
snags  and  construction  of  900-foot  long  cut-off  of  a  river  loop 
having  an  original  length  of  about  a  mile.  The  project  was  turned 
over  to  the  City  of  Marshall,  which  has  provided  necessary  maintenance 
to  date. 
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3.  The  City  was  provided  further  protection  by  the  Corps  of  Eng¬ 
ineers  in  1963  as  a  direct  result  of  the  1957  flood  experience. 

This  project  as  constructed  includes  channel  clearing  and  snagging 
on  the  Redwood  River  between  river  miles  70.7  and  73.08,  construc¬ 
tion  of  a  1,840-foot  long  levee  on  the  left  bank  of  the  river  at 
the  upstream  end  of  the  project  (mile  73.8),  a  new  2.4  mile  long 
floodwater  diversion  channel  between  miles  66.6  to  70.5,  enlarge¬ 
ment  of  the  river  channel  between  the  upstream  diversion  structure 
(mile  70.5)  and  the  CSAH  7  Bridge  (mile  70.7)  channel  enlargement 
and  a  channel  cut-off  between  miles  66.1  and  66.6,  and  spoil  bank 
dikes  flanking  the  river  channel  between  miles  70.5  and  70.7.  Other 
project  works  include  new  highway  and  railway  bridges  over  the  di¬ 
version  channel,  drop  structures  in  the  diversion  and  natural  river 
channels,  a  circulation  culvert  in  the  cut-off  closure  embankment, 
and  relocation  of  a  township  road.  Basic  project  features  are  shown 
on  plate  C-l.  The  project  was  designed  to  pass  a  discharge  of 
6,500  cfs  around  and  through  the  city  (1,500  cfs  tnrough  natural 
river  channel)  with  no  significant  flood  damage. ‘ 

4.  The  project  was  turned  over  the  the  city  of  Marshall  for  opera¬ 
tion  and  maintenance  in  accordance  with  the  prescribed  assurances 
of  local  cooperation  and  an  Operation  Manual  prepared  by  the  St. 

Paul  District,  Corps  of  Engineers.  This  operation  and  maintenance 
has  been  performed  satisfactorily  as  evidenced  by  periodic  inspec¬ 
tions  by  the  District  Engineer. 

5.  The  City  of  Marshall  currently  has  flc.^-  riain  management 
regulations  in  effect.  The  flood  plain  reach  upstream  of  CSAH  7 
(plate  B-l)  and  the  reach  downstream  of  the  confluence  of  the  diver¬ 
sion  channel  and  natural  river  channel  (plate  B-2)  are  both  outside 
the  city  limits  and  thus  subject  to  County  flood  plain  management 
regulations  for  unincorporated  areas. 
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6.  Emergency  works  constructed  during  the  April  1969  flood  in¬ 
cluded  a  levee  along  the  left  channel  bank  upstream  of  CSAH  7, 
levees  near  the  college  area  and  a  levee  on  top  of  CSAH  7.  Only 
the  left  bank  levee  upstream  of  CSAH  7  remains  in  place  at  this 
t  ime . 


THE  FLOOD  PROBLEM 


RECENT  FLOODS 

7.  Marshall  is  subject  to  flooding  on  the  Redwood  River  caused 
by  rapid  spring  snowmelt  and  related  runoff  or  summer  thunderstorm 
activity.  Recent  large  floods  have  occurred  in  June  1947,  April 
1951,  April  1952,  June  1957  and  April  1969.  The  June  1957  flood 
was  by  far  the  most  damaging,  having  occurred  before  completion  of 
the  existing  project.  This  flood,  which  had  a  peak  discharge  of 
6,170  cfs,  covered  a  major  part  of  the  business  and  residential 
portions  of  the  city  and  flooded  wide  areas  of  farm  land  on  the 
level  flood  plains.  Total  damages  including  emergency  flood  fight 
costs  resulting  from  the  1957  flood  were  approximately  $5,920,000 
in  January  1975  dollars.  The  next  largest  flood  in  recent  years 
occurred  in  April  1969  as  a  result  of  rapid  snowmelt  runoff.  The 
flood  crested  immediately  upstream  of  Marshall  at  a  peak  discharge 
of  8,090  cfs  which  corresponds  to  an  estimated  frequency  of  occur¬ 
rence  of  once  in  about  100  years,  based  on  current  flood  frequency 
analysis.  Actual  flood  damages  incurred  during  this  flood  amounted 
to  $87,000  based  on  January  1975  price  levels.  Without  the  emer¬ 
gency  flood  fight,  these  damages  would  have  increased  to  $1,866,000 
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REVISED  HYDROLOGIC  ANALYSES 


8.  A  coordinated  restudy  of  hydrologic  conditions  in  the  Redwood 
River  Basin  above  Marshall  by  the  Corps  of  Engineers,  Soil  Conserva¬ 
tion  Service  and  the  U.S.  Geological  Survey  indicate  a  substantial 
revision  in  basin  frequency-discharge  relationships.  This  change  is 
principally  due  to  the  occurrence  of  two  major  floods  within  a  re¬ 
latively  short  time  span.  As  an  example,  the  previously  determined 
recurrence  interval  of  114  years  for  the  project  design  flood  of 
6,500  cfs  has  been  revised  to  a  recurrence  interval  of  about  once 
in  59  years.  Both  the  project  document  and  revised  frequency-dis¬ 
charge  relationships  are  shown  for  comparison  on  plate  H-3  of  Sec¬ 
tion  H. 


INADEQUATE  CHANNEL  CAPACITY 

UPSTREAM  AND  DOWNSTREAM  OF  EXISTING  PROJECT 


9.  The  existing  project  was  designed  to  pass  a  peak  flood  flow  of 
6,500  cfs  around  and  through  the  city  without  flooding  and  related 
damages.  Of  this  discharge,  5,000  cfs  was  designed  to  go  through 
the  diversion  and  1,500  through  the  natural  channel.  As  it  happened, 
significant  overflows  of  the  channel  occurred  during  the  1969  flood 
in  the  vicinity  of  the  State  Wayside  park  (see  plate  C-l).  At  the 
peak  of  the  flood,  overbank  flows  of  more  than  2,500  cfs  proceeded 
southeastward  to  the  State  Highway  23  and  CSAH  7  embankments.  Por¬ 
tions  of  these  floodwaters  crossed  low  points  along  Highway  23  near 
the  park  and  then  proceeded  to  flow  southeastward  into  the  Cotton¬ 
wood  River  basin.  An  emergency  levee  or  fill  was  constructed  on 
CSAH  7  to  prevent  overbank  flows  from  crossing  over  CSAH  7  and  re¬ 
entering  the  city  at  a  point  along  the  natural  river  downstream 
of  the  existing  diversion  structure.  This  action  resulted  in 
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add  it  i.->nal  »  lows  passing  over  Highway  23  near  its  intersection  with 
.  v\il  Ultimately  Highway  23  was  breached  by  the  city  to  prevent 
> a  ert op;' :  i.y  >t  the  raised  Uv\H  '  and  subsequent  flooding  of  develop 
inents  ir  Marshal i .  Ihis  action  also  increased  flows  into  the 
v'ottoi.wood  ba-in  resulting  in  flooding  and  erosion  damage  to  farms 
located  si  at  h  el  Highway  23.  cither  farms  were  also  affected  as  a 
lesul*  .d  ^instruction  of  the  CS.Ml  "  levee  and  increased  flood 
stages  and  durations  west  of  CSA11  7  and  north  of  Highway  23.  The 
.1 : 't i i but i on  of  flood  flows  and  attendant  overflows  at  Marshall 
during  the  195~  and  1969  floods  is  li’ustruted  on  figure  c-1. 

10.  Ihus,  from  the  conditions  experienced  during  the  1969  flood, 
it  is  evident  that  the  natural  channel  capacity  both  upstream  and 
downstream  of  the  existing  project  is  inadequate.  This  is  illus¬ 
trated  by  the  fact  that,  without  the  emergency  works,  damages  would 
have  been  sustained  at  Marshall  at  an  upstream  reach  flow  of  about 
3,500  cfs  over  llSAH  "  i  3,570  cfs  corresponds  to  a  16  percent  flood 
frequency  . 
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HISTORIC  FLOW  DISTRIBUTIONS 
REDWOOD  RIVER 
MARSHALL.  MINNESOTA 


FIGURE  C-l 


THE  EXISTING  FLOOD  PROBLEM 


11.  Although  designed  for  a  flow  of  5,000  efs,  the  existing  flood- 
water  diversion  channel  has  sufficient  capacity  to  pass  the  stan¬ 
dard  project  flood  discharge.  Similarly,  the  upstream  diversion 
structure  (plate  C-l)  would  provide  adequate  control  of  flows  en¬ 
tering  the  natural  channel  at  Redwood  River  flood  flows  approaching 
the  standard  project  flood  discharge.  However,  existing  flood 
problems  are  concentrated  in  both  the  upstream  and  downstream  reaches 
as  described  in  the  following  paragraphs.  A  detailed  discussion 

of  the  standard  project  flood  is  given  in  section  H. 

12.  The  principal  reason  for  flood  problems  in  the  upstream  reach 
(miles  66.3  -  73.8)  is  that  overflows  resulting  from  the  inadequate 
capacity  of  the  natural  river  channel  do  not  reach  the  existing  di¬ 
version  channel  and  without  emergency  measures  would  cause  overland 
flooding  of  Marshall.  Channel  capacity  is  limited  by  the  extensive 
debris  and  vegetative  growth  in  the  channel,  inadequate  channel 
cross-section  or  flow  area,  and  numerous  sharp  meanders.  Buildup 
of  ice  in  the  natural  channel  is  considered  to  result  in  increased 
flood  stages  at  relatively  low  flows  only.  Of  the  peak  1969  flood 
discharge  of  8,090  cfs,  only  5,590  cfs  reached  the  upstream  limits 
of  the  existing  project.  The  remaining  2,500  cfs  overflowed  the 
right  bank  at  the  state  wayside  park  and  subsequently  entered  the 
Cottonwood  River  basin.  Overbank  flow  commences  in  the  vicinity 

of  the  wayside  park  at  a  flow  of  about  2,500  cfs.  At  the  original 
project  design  discharge  of  6,500  cfs,  most  of  the  land  area  up¬ 
stream  of  CSAH  7  would  be  flooded.  For  the  revised  100-year  dis¬ 
charge  of  8,200  cfs,  floodwaters  commencing  at  a  river  flow  of  about 
3,500  cfs  would  cross  over  CSAH  7  and  enter  the  western  portions  of 
the  city  before  re-entering  the  natural  river  channel  further  downstream. 
Beginning  at  the  approximate  6,500  cfs  discharge  level,  some  of  the 
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overflows  would  cross  over  State  Highway  23  and  flow  into  the 
Cottonwood  River  basin  via  flow  over  farmland  before  entering 
County  ditch  No.  70,  the  location  of  which  is  also  shown  on 
plate  C-l. 

13.  No  flows  entering  the  County  ditch  70  would  re-cross  highway 
23  east  of  CSAH  7  and  re-enter  Marshall  at  the  100-year  flood 
level.  At  the  SPF  level,  the  ditch  flows  could  cross  northward 
through  Highway  via  culverts  located  just  east  of  the  intersection 
with  CSAH  7.  These  floodwaters  would  innundate  low  areas  east  of 
CSAH  7  and  north  of  Highway  23  .  The  temporary  retention  of  flood- 
waters  over  the  area  west  of  CSAH  7  during  the  1969  flood  adver¬ 
sely  affected  one  farm  operation  north  of  Highway  23.  The  subse¬ 
quent  breaching  of  State  Highway  23  and  sudden  release  of  retained 
water  adversely  affected  two  farm  properties  south  of  Highway 
23. 


14.  Similarly  the  downstream  channel  reach  does  not  have  sufficient 
capacity  to  pass  even  the  original  design  flow  of  6,500  cfs.  This 
condition  was  evidenced  during  the  1969  flood  when,  with  a  peak 
downstream  discharge  of  5,590  cfs  (8,090  cfs  -  2,500  cfs),  extensive 
emergency  diking  was  needed  to  prevent  damages  to  Southwest  State 
College  facilities  and  other  developments.  Thus,  it  is  quite  ob¬ 
vious  that  without  emergency  protective  measures,  significant  dam¬ 
ages  would  occur  with  the  revised  100-year  discharge  of  6,700  cfs 
(3,200  -  1,500)  at  mile  66.1.  (Approximately  1,500  cfs  would  leave 
the  Redwood  River  basin  at  the  Highway  23  wayside  park  and  pass 
into  the  Cottonwood  RiveT  basin).  The  distribution  of  flood  flows 
at  the  existing  100-year  (1%  chance  of  occurrence)  and  standard 
project  flood  levels  is  illustrated  on  Figure  C-2. 
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FIGURE  C-2 


15.  Based  on  a  review  of  the  existing  project's  performance  during 
the  1969  flood,  it  is  obvious  that  the  project  cannot  function  as 
intended  without  additional  improvements  along  both  the  upstream 
and  downstream  reaches  at  Marshall.  As  previously  discussed,  these 
improvements  are  needed  to  pass  the  design  floodwaters  both  into 
and  away  from  the  diversion  project  without  causing  damaging  over¬ 
bank  flows. 


16.  The  city  of  Marshall  has  indicated  that  in  view  of  the  in¬ 
creasing  interest  in  cross-country  skiing,  a  growing  need  for  a 
recreational  trail  system  and  other  facilities  in  and  adjacent 
to  the  city  exists.  A  questionnaire  sent  to  area  residents  by 

the  City  Parks  and  Recreation  Department  reveals  that  recreation 
trail  needs  rank  near  the  top  in  terms  of  the  residents'  own 
priorities. 

17.  Woodlands  of  any  type  are  in  relatively  short  supply  in  the  Marshall 
area.  The  only  remaining  contiguous  tract  is  located  along  the  river 
corridor  upstream  of  County  Highway  7.  These  woodlands  provide  valuable 
habitat,  cover,  and  food  supply  to  small  mammals  and  song  bird  populations. 
In  most  areas,  these  woodlands  provide  an  attractive  background  to  the 
residences  and  wayside  park  located  along  the  river.  Reduction  in  the 
extent  of  these  woodlands  or  any  other  adverse  effects  should  be  minimized. 

18.  Productive  agricultural  lands  are  located  on  the  floodplain  both 
upstream  and  downstream  of  the  City  of  Marshall.  As  agricultural 
activity  contributes  significantly  to  the  economic  base,  many  are  concerned 
about  the  continuing  loss  of  valuable  cropland  to  expanding  urbanization. 
All  of  the  immediately  adjacent  cropland  has  been  zoned  for  single  or 
multi-family  residential  development.  Consideration  should  be  given 

to  minimizing  adverse  effects  to  these  croplands  commensurate  with  the 
economic  development  needs  of  the  community. 
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19.  The  city  of  Marshall  incurred  substantial  financial  losses 
during  the  April  1969  flood  as  a  result  of  direct  property  dam¬ 
age,  emergency  floodfight  activities,  and  court  awarded  damages 
to  adversely  affected  farmers.  In  view  of  these  losses  and  the 
potential  for  similar  or  greater  recurring  losses,  the  Lyon 
County  Board  of  Commissioners  requested  by  formal  resolution 
adopted  6  June  1972  that  the  Corps  of  Engineers  review  the  oper¬ 
ation  of  the  existing  project  and  make  modif icat ions  as  necessary 
to  insure  that  the  project  will  operate  at  least  as  originally 
designed.  By  a  resolution  of  3  July  1972,  and  other  written  and 
verbal  communications,  the  city  of  Marshall  has  also  requested 
"...that  a  study  be  made  to  determine  what  improvements  can  be 
made  to  provide  for  additional  protection  and  efficiency  of  the 
Redwood  River  Diversion  Channel  Project...".  A  copy  of  this 
resolution  is  contained  Appendix  II,  Pertinent  Correspondence. 


20.  A  letter  from  the  City  requests  a  study  of  the  advisability  of  a 
trail  system,  improvements  to  a  softball  complex  on  the  existing  diversion 
channel  right-of-way,  a  riverbank  improvement  program  at  three  locations 
to  improve  aesthetics  and  public  safety,  picniking  facilites,  and  the 
development  of  quiet  and  nature  education  areas. 
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SECTION  D 


F  0  R  II  U  L  A  T  I  il  G  A  PLAN 


1.  The  objective  of  the  formulation  portion  of  this  study  is  to 

review  the  operation  of  the  existing  flood  control  project  at 
Marshall  with  the  intent  of  identifying  solutions  that  will  meet 
the  study  objectives  identified  early  in  the  study.  The 
following  planning  objectives  have  been  identified  in  coordination 
with  local  and  other  Interests: 

o  Reduce  damages  from  flooding  along  the  Redwood  River  at 
Marshall  during  the  period  1980  to  2030. 

o  Contribute  to  water  and  winter  recreation  needs  for 
Marshall  during  the  period  1980  to  2030. 

o  Contribute  to  the  riverine  woodland  and  wetland  areas 
within  the  City  of  Marshall  for  ecological,  diversity,  and 
aesthetic  purposes  during  the  period  1980  to  2030. 

FORMULATION  AND  EVALUATION  CRITERIA 

2.  In  developing  a  plan  to  insure  effective  operation  of 
the  existing  project  and  to  reduce  flood  damages  in  the 
recently  developed  downstream  river  reach  not  protected 
by  the  existing  project,  standards  and  procedures  which 

have  been  set  forth  in  various  flood  control  acts  and  policies 
and  related  regulations  established  by  the  Corps  of  Engineers 
have  been  followed.  All  alternatives  were  evaluated  in 
accordance  with  the  following  specified  criteria. 
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TECHNICAL  CRITERIA 


o  The  degree  of  protection  afforded  by  any  proposed  plan  will 

be  at  least  equivalent  to  the  degree  of  protection  intended  for 
the  original  project,  or  the  maximum  practical  level  of  protection. 
The  degree  of  protection  must  also  be  in  consonance  with  established 
State  flood  plain  management  regulations  and  the  desires  of 
local  interests. 

o  All  flood  barriers  will  provide  adequate  freeboard  over  the  a- 
dopted  flood  level.  Also  appropriate  freeboard  will  be  pro¬ 
vided  between  the  design  water  surface  and  low  member  of  any 
channel  crossings.  Generally,  three  feet  of  freeboard  is  con¬ 
sidered  appropriate,  however,  greater  or  lesser  freeboard  may 
be  required  in  some  areas  depending  upon  risk  and  design  un¬ 
certainties  . 

o  The  plan  must  insure  completeness  of  the  existing  project  and 
insure  effective  operations  as  designed  without  additional  fu¬ 
ture  improvements. 

o  The  plan  must  be  technically  feasible  to  implement. 


ECONOMIC  CRITERIA 


o  The  selected  plan  must  represent  the  most  cost-effective  solu¬ 
tion  and  be  economically  feasible  to  implement  with  projected 
annual  benefits  exceeding  projected  annual  costs.  However,  a 
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more  costly  plan  can  be  recommended  if  appropriate  gains  in  en¬ 
vironmental  quality  and  social  well-being  can  be  shown  provided 
that  the  overall  plan  is  economically  feasible  with  benefits  at 
least  equal  to  the  related  costs. 

o  Annaul  costs  and  benefits  are  based  on  a  50-year  economic  life, 
an  interest  rate  of  6-7/8  percent  and  price  levels  and  condi¬ 
tions  existing  in  October  1977. 


ENVIRONMENTAL  AND  OTHER  CRITERIA 


o  The  public  health,  safety,  well-being  and  quality  of  life  of 
affected  residents  are  the  principal  considerations  in  the  de¬ 
velopment  of  a  project. 

o  The  loss  of  area  environment  and  aesthetic  values  will  be  min¬ 
imized  to  the  extent  practicable. 

o  Public  acceptability  of  proposed  improvements  and  the  project- 
sponsor's  ability  and  willingness  to  meet  local  cooperation 
requirements  are  essential  considerations. 

o  Specific  social  well-being  factors  considered  in  this  study 
included:  possible  loss  of  life  and  possible  hazards  to  the 
health  and  safety  of  affected  area  residents;  preservation  of 
aesthetic,  cultural,  and  historic  values  in  the  area;  leisure 
time  enjoyment;  injurious  displacement  of  people  and  business¬ 
es;  and  the  disrup*  on  of  desirable  community  and  regional 
growth . 
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POSSIBLE  SOLUTIONS 
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3.  Solutions  considered  in  this  study  pertain  strictly  to  pro¬ 
vision  of  additional  measures  required  to  insure  effective  opera¬ 
tion  of  the  existing  project  and  to  providing  flood  protection 
to  downstream  development  not  protected  by  the  existing  project. 
Area  flood  problems  principally  originate  in  the  upstream  reach 
where  modest  new  development  has  occurred.  Possible  solutions 
considered  include  both  non- structural  measures  and  structural 
solutions  such  as  reservoir  storage,  flood  barriers,  channels  or 
combinations  of  these  measures.  In  addition  to  these  solutions, 
the  consequences  of  doing  nothing  at  all  about  recurring  flood 
problems  in  Marshall  is  considered  as  a  base  from  which  to  meas¬ 
ure  the  impacts  of  positive  alternative  solutions. 


ALTERNATIVE  PLANS  ANALYZED 


4.  The  following  discussion  is  a  detailed  description  of  the  al¬ 
ternative  plans  considered.  Since  the  "no-public  action"  alternative, 
non-structural  alternatives  and  reservoir  storage  alternatives 
apply  to  the  entire  Marshall  study  area,  they  are  discussed  first. 

A  discussion  of  local  structural  alternatives  (flood  barriers  and 
channel  improvements)  by  respective  reach,  upstream  and  downstream, 
then  follows.  Non-structural  alternatives  considered  include  no 
public  action,  permanent  evacuation,  and  combined  partial  evacuation 
and  flood  proofing.  Plan  costs  and  other  impacts  are  shown  on  table 
0-1  found  later  in  this  section. 
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PLAN  1  -  NO  PUBLIC  ACTION 


5.  This  alternative  represents  the  "without"  project  or  base  con¬ 
ditions  and  would  provide  for  continuation  of  the  existing  situation 
at  Marshall  without  any  further  local.  State  or  Federal  action  to 
provide  additional  measures  to  permit  effective  operation  of  the  ex¬ 
isting  project.  The  base  economic,  social,  and  environmental  setting 
of  the  study  area  is  described  in  detail  in  section  B  of  this  report. 
The  existing  situation  relating  to  flooding  at  Marshall  is  represen¬ 
ted  by  warnings  by  the  National  Weather  Service  of  impending  Redwood 
River  flood  occurrences,  related  emergency  flood  fight  and  supporting 
disaster  relief  activities  by  the  City  and  other  government  agencies, 
the  required  purchase  of  flood  insurance  to  obtain  federally-supported 
financing  for  building  in  flood-prone  areas,  and  flood  plain  management 
regulations  currently  being  developed  by  the  City  of  Marshall. 

6.  Urban  development  continues  to  expand  on  the  agricultural  flood 
plain  adjacent  to  Marshall,  particularly  along  the  downstream  reach, 
where  the  development  consists  of  municipal  maintenance  buildings, 
residential  and  limited  commercial  development,  and  the  Southwest 
State  College.  Development  in  the  upstream  flood  plain  reach  in¬ 
cludes  residential  development  along  the  right  immediately  downstream 
of  CSAH  7,  a  motel,  a  few  scattered  rural  residences  and  farmsteads, 
and  a  wayside  park. 

7.  Under  present  conditions,  the  National  Weather  Service  at  Kan¬ 
sas  City,  Missouri  with  supporting  elements  at  Minneapolis  provides 
warning  of  potentially  damaging  flood  occurrences  on  the  Redwood 
River  at  Marshall.  If  the  warnings  indicate  that  flooding  is  imminent, 
emergency  action  will  be  taken  by  the  City,  and  if  requested  by  local 
officials,  the  Corps  of  Engineers,  and  other  agencies.  Such  emergency 
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action  may  include  the  provision  of  temporary  flood  barriers,  tem¬ 
porary  interior  drainage  pumping,  and  flood  proofing  of  various 
structures  as  needed. 

Supporting  disaster  relief  services  provided  during  the  April  1969 
flood  included  temporary  food  and  housing,  evacuation  of  threatened 
areas,  and  other  supporting  services.  Follow-up  disaster  relief  ef¬ 
forts  including  removal  of  temporary  works,  replacement  or  repair  of 
damaged  public  facilities,  and  post-flood  cleanup  are  administered 
by  the  Federal  Disaster  Assistance  Administration  with  the  support 
of  other  Federal  and  State  agencies.  Reliance  on  emergency  protec¬ 
tive  measures  at  Marshall  is  impractical  in  view  of  the  limited  time 
available  to  construct  temporary  flood  barriers,  possible  inclement 
weather  conditions,  and  the  availability  of  funds. 

8.  Flood  insurance  is  presently  required  for  Federal  financial  as¬ 
sistance  to  any  new  developments  constructed  on  the  100-year  flood 
plain.  The  city  became  enrolled  in  the  regular  phase  of  the  flood 
insurance  program  on  30  September  1977.  Thus  flood  insurance  is 
available  for  existing  structures  under  subsidized  rates  and  for 
new  (post  30  Setember  1977)  structures  based  on  actuarial  rates. 
Determination  of  flood  plain  property  eligible  for  flood  insurance 
is  presently  based  on  flooded  area  maps  furnished  to  the  city 
and  county  by  the  U.S.  Department  of  Housing  and  Urban  Development. 
Total  maximum  coverage  obtainable  at  subsidized  rates  for  existing 
single  family  residential  and  other  residential  buildings  is  $35,000 
and  $100,000  respectively.  Non-residential  structures  are  covered 
under  regular  rates  up  to  $100,000.  On  a  regional  basis,  a  flood 
insurance  program  would  at  least  partially  compensate  individual 
flood  losses  by  spreading  premium  costs  over  a  wider  area.  However, 
such  a  program  would  not  reduce  flood  damages  and,  at  Marshall,  would 
result  in  remaining  average  annual  flood  damages  of  over  $75,000 
to  unprotected  downstream  developments  alone.  It  would  also  do 
little  to  reduce  the  anxiety,  human  misery,  and  community  disruption 
currently  experienced  during  major  flood  periods. 
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9.  The  City  of  Marshall  presently  has  a  flood  plain  man¬ 
agement  program  in  effect.  These  flood  plain  management  reg¬ 
ulations  have  been  developed  on  the  basis  of  a  recently  comple¬ 
ted  flood  plain  information  study  by  the  Corps  of  Engineers. 

The  flood  plain  information  study  report  established  the  100- 
year  frequency  flood  outline  and  average  depths  of  flooding 

at  selected  locations.  A  program  limits  the  location,  type 

and  extent  of  new  development  on  the  100-year  flood  plain  and  limits 

substantial  expansions  to  existing  flood  plain  developments. 

10.  Enforcement  of  flood  plain  regulations  would  do  little  to  re¬ 
duce  flood  damages  to  existing  development  but  would  be  very  effec¬ 
tive  in  reducing  future  growth  of  flood  damages  due  to  curtailment 
of  new  flood  plain  growth.  Although  flood  plain  regulations  alone 
would  not  substantially  reduce  potential  flood  damage  in  the  devel¬ 
oped  flood  plain,  it  would  serve  as  an  effective  supplement  to  other 
structural  or  non-structural  measures  to  arrive  at  a  total  plan  of 
protect  ion. 

11.  With  the  no-public  action  alternative,  a  large  portion,  or 
nearly  300  acres,  of  the  highly  developed  central  part  of  the  city 
and  developments  adjacent  to  the  city  would  remain  vulnerable  to 
extensive  flood  damages  during  major  flood  occurrences  without  major 
emergency  flood  fighting  efforts.  Planned  and  temporarily  halted 
developments  in  fringe  flood  plain  areas  would  not  be  accomplished 

until  measures  were  provided  to  permit  the  operation  of  the  existing  project 
as  originally  designed.  No  further  public  action  would  perpetuate  the 
continued  burden  on  the  city  in  terms  of  human  suffering,  hazards  to  public 
health  and  safety,  and  the  required  inefficient  commitment  of  local 
financial  and  manpower  resources.  This  course  of  action  would  do 
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little  to  permanently  reduce  flood  damages  and  is  clearly  un¬ 
acceptable  to  the  city.  For  these  reasons,  this  alternative 
was  net  considered  further  except  as  the  base  condition  against 
which  the  other  alternatives  are  compared.  However,  the  con¬ 
tinuation  of  flood  warning  services  and  the  expansion  of  local 
flood  plain  management  and  flood  insurance  programs  will  be  con¬ 
sidered  as  integral  parts  of  other  structural  or  non-structural 
plans  developed. 


PLAN  2  -  PERMANENT  EVACUATION 


12.  Permanent  evacuation  would  solve  the  residual  flood  problem 
at  Marshall  but  would  require  the  relocation  of  most  developments 
in  the  city  including  over  1100  residences,  over  200  businesses  and 
several  churches  and  schools.  The  displacement  of  these  upstream  reach 
developments  in  addition  to  being  totally  uneconomical  is  considered  im 
practical  and  wholly  unacceptable  to  local  interests  and  thus,  is 
not  considered  further. 

IS.  Permanent  evacuation  of  the  recently  developed  100-year  down¬ 
stream  flood  plain  (see  table  D-l)  was  not  considered  as  an  al¬ 
ternative  to  the  existing  project,  but  rather  as  a  supplement  to  it. 
Total  evacuation  along  the  downstream  study  reach  would  involve  the 
removal  of  an  estimated  8  new  residences,  a  trailer  court  with  approx¬ 
imately  32  mobile  homes,  at  least  3  apartment  buildings  at  33  units 
each,  4  apartments  with  8  basement  level  apartments  in  each,  and 
seven  large  buildings  on  the  college  campus.  Evacuated  residential 
areas  would  be  converted  to  and  managed  as  flood-free  open  space, 
park,  or  recreational  uses.  Evacuated  campus  areas  could  be  con¬ 
verted  to  relatively  damage-free  outdoor  recreation  facilities.  Evac¬ 
uation  of  the  college  buildings,  residences,  and  apartments  could 
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be  accomplished  with  available  equipment  but  at  great  economic, 
social  and  environmental  costs. 

14.  Movement  of  the  large  apartment  complexes  and  college  build¬ 
ings  would  be  physically  impossible,  leaving  razing  the  buildings 
the  only  alternative.  Immediately  adjacent  undeveloped  and  flood- 
free  sites  for  the  college  structures  do  exist. 

However,  the  removal  and  replacement  of  any  of  the  major  structures 
from  the  relatively  new  State  College  campus  would  place  a  severe 
economic,  educational,  and  social  impact  on  the  community,  region, 
and  the  State. 

15.  Although  total  evacuation  of  the  presently  unprotected  devel¬ 
opment  in  the  downstream  reach  would  reduce  area  flood  damages,  the 
economic  costs,  and  adverse  short  and  long  term  social  and  environ¬ 
mental  impacts  make  this  plan  unacceptable  to  all  concerned  inter¬ 
ests.  Thus,  total  evacuation  of  unprotected  residential  and  public 
property  is  not  considered  further  either  in  the  total  study  reach  or 
in  the  downstream  reach  alone. 


PLAN  3  -  PARTIAL  EVACUATION  AND  FLOOD  PROOFING 

16.  Instead  of  total  evacuation  of  the  flood  plain,  consideration 
was  given  to  partial  evacuation  of  selected  downstream  reach 
flood-prone  structures  together  with  flood  proofing  measures  to 
remaining  residential,  commercial,  and  public  structures  in  both 
reaches.  Evacuated  areas  would  be  managed  in  accordance  with  local 
flood  plain  management  regulations. 
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17.  Partial  evacuation  measures  would  involve  the  relocation  of 
all  residential  structures  subject  to  flood  depths  greater  than 

3  feet  and  any  structure  not  considered  suitable  for  flood  proofing. 

With  this  alternative,  30  residences,  5  commercial  structures,  and  the 
downstream  reach  trailer  court  would  be  relocated  out  of  the  100- 
year  flood  plain 

18.  Flood  proofing  measures  would  include  structural  changes  and 
other  adjustments  to  structures,  and  landscaping  measures.  Struc¬ 
tural  changes  would  include  sealing  of  doorways,  windows,  and  other 
openings,  sealing  and  bracing  of  basements,  and  in  some  cases,  pro¬ 
vision  of  flood  drain  standpipes  and  landscaping  around  raised 
structures  to  help  offset  adverse  aesthetic  impacts.  Approximate¬ 
ly  OS  residential  uni  f  the  eight  downstream  reach  apartment  buildings 
have  flood  levels  about  feet  below  ground  level.  Sealing  of  ground 
level  window  openings  of  these  occupied  units  could  probably  be  accom¬ 
plished  but  only  with  the  remaining  threat  of  extensive  damage  and 
possible  health  and  safety  hazards  in  the  event  of  failure  of  any 

one  closure.  Seepage  into  these  units  would  likely  be  a  major 
problem  during  major  flood  periods.  Only  the  college  buildings, 
commercial  structures,  and  residential  structures  subject  to  less 
than  3  feet  of  innundation  appear  to  lend  themselves  to  flood  proofing 
techniques. 


19.  Seven  college  buildings,  31  commercial  structures,  and  280 
residences  were  evaluated  for  possible  flood  proofing  measures. 

Flood  proofing  measures  for  the  college  buildings  would  include  the 
construction  of  bulk  heads  and  gate  valves  in  underground  equipment 
tunnels  and  placement  of  gate  valves  in  drainage  pipes  running  between 
and  from  the  buildings.  Assuming  effective  valve  closures,  this  plan 

would  prevent  water  damage  to  the  buildings  but  could  still  result 
in  extensive  electrical  failures  due  to  possible  electrical  short 
circuiting  of  cables,  switches  and  connections  in  the  cable  ways. 
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20.  Evacuation  of  the  residences,  commercial  structures,  and  trailer 

homes  is  estimated  to  cost  about  $4,200,000  including  appropriate 

allowances  for  relocation  expenses.  Flood  proofing  of  the  remaining 

residences,  apartments,  commercial  buildings,  and  college  buildings 

would  cost  another  $8,752,000  as  shown  on  table  D-l.  Total  Federal 

first  costs  at  an  assumed  80  percent  cost  share  would  be  $10,361,600 

as  shown  on  table  D-l.  Minnesota  State  flood  proofing  regulations 

indicate  that  flood  proofing  of  habitable  basement  space  is  usually 

not  permitted.  This  plan  would  r»«ni«-  ... 

v  wouia  result  in  the  near  elimination  of 

potential  flood  damages,  but  only  at  excessive  economic  and  social 

well-being  costs.  Environmental  losses  would  probably  not  be  major 

as  the  required  new  development  sites  would  very  likely  be  on 

presently  tilled  cropland  outside  of  Marshall. 

21.  The  removal  and  relocation  of  the  much  needed  residential  housing 
from  areas  near  the  college  and  presently  zoned  and  developed  for  this 
to  productive  agricultural  areas  would  have  a  decided  adverse  effect 
on  established  community  patterns,  educational  opportunities  and 
general  cohesiveness  of  the  area.  Present  occupants,  most  of  whom 
are  in  some  way  associated  with  the  school,  depend  on  this  nearby 
housing.  Local  interests  object  to  this  considered  gross  rearrange¬ 
ment  of  area  residential  housing  and  the  related  effects,  and  in¬ 
dicate  a  preference  for  a  more  positive  method  of  flood  protection 

for  the  college  campus.  Since  this  alternative  lacks  local  support 
in  all  aspects,  it  is  not  considered  further. 
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PLAN  4  -  UPSTREAM  RESERVOIR  STORAGE 


22.  Reservoir  storage  was  investigated  as  a  possible  means  of 
flood  damage  reduction  at  Marshall  during  the  earlier  feasibility 
scope  studies  made  in  support  of  the  existing  project.  During 
those  studies,  only  one  site  could  be  identified  as  having  suffi¬ 
cient  storage  capacity  to  reduce  flooding  at  Marshall,  but  the 
site  would  require  floodwater  storage  in  Camden  State  Park  located 
about  eight  miles  upstream  of  Marshall.  Increased  channel  flow 
capatity  via  the  existing  diversion  channel  in  combination  with  le¬ 
vees  in  the  upstream  reach  would  increase  the  effectiveness  of  up¬ 
stream  reservoir  storage  but  not  enough  to  eliminate  the  threat 

of  longer  floods  nor  make  it  feasible  justifying  the  reservoir 
economically.  In  addition,  a  reservoir  in  the  park  would  clearly  have 
substantial  and  unacceptable  adverse  environmental  effects  on 
natural  ecosystems  as  provided  in  the  park  and  presently  in  rel¬ 
atively  short  supply  in  this  agricultural  region  (see  table  D-l) . 

23.  A  system  of  small  reservoirs  on  headwater  tributary  streams  pres¬ 
ently  under  consideration  by  the  U.S.  Soil  Conservation  Service 

to  solve  localized  agricultural  flooding  would  have  too  little  storage 
volume  to  have  any  appreciable  effect  at  Marshall.  Although  a  system 
of  three  small  reservoirs  would  influence  control  over  58%  of  the 
total  drainage  area,  their  combined  storage  capacity  would  only 
control  0.4  inches  of  run-off.  This  represents  9%  of  the  average 
annual  run-off,  6%  of  the  100-year  run-off,  and  3%  of  the  SPF  run-off. 
Thus,  for  these  reasons,  upstream  reservoir  storage  via  a  single  large 
reservoir  or  a  system  of  small  tributary  reservoirs  is  not  considered 
further  in  this  analysis  as  a  viable  solution  to  Marshall's  flood 
problems. 
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FLOOD  BARRIERS  AND  CHANNEL  WORKS  -  UPSTREAM  REACH 


24.  Both  flood  barriers  and  channel  works  were  considered  separ¬ 
ately  as  additional  measures  required  to  permit  efficient  operation 
of  the  existing  project.  Early  in  the  supporting  hydraulic  studies, 
it  became  evident  that,  because  of  inadequate  channel  flow  area 
and  channel  obstructions,  neither  levees  nor  channel  works  alone 
would  achieve  the  desired  flood  damage  reduction.  Thus,  all  up¬ 
stream  alternatives  include  a  combination  of  levee  and  channel 
works  and  are  essentially  variations  in  the  location  and  extent  of 
such  works.  Since  Redwood  River  overflows  into  the  adjoining 
Cottonwood  River  basin  occurred  under  natural  conditions  prior  to 
the  construction  of  the  existing  project  and  presently  occur  with 
the  project,  all  considered  levee-channel  alternatives  in  the  up¬ 
stream  reach  provide  for  the  continuation  of  such  overflows  in 
some  manner. 


PLAN  5U  -  COMBINED  LEVEE  -  CHANNEL  WORKS 


2S.  This  plan  would  provide  protection  against  the  100-year  fre¬ 
quency  flood  with  the  construction  of  levees,  channel  widening 
measures,  and  clearing  and  snagging  along  2  miles  of  channel  be¬ 
tween  the  existing  diversion  structure  (mile  70.2)  and  the  Burling 
ton  Northern  Railroad  (BNRR)  bridge  at  Mile  72,6  (plate  D-l). 
Approximately  2,260  feet  of  levee  ranging  in  height  from  3  to  6 
feet  would  be  required  along  the  left  or  north  bank  commencing  at 
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the  CSAH  7  bridge  and  extending  to  the  BN  railroad  embankment. 

Along  the  remainder  of  the  left  bank  reach,  the  railroad  embank¬ 
ment  would  serve  as  a  barrier  to  prevent  floods  from  escaping  to  the 
north  and  flooding  city  developments  further  downstream.  Flap  gates 
would  be  installed  on  four  culverts  passing  through  the  railroad 
embankment.  About  6,300  lineal  feet  of  levee  from  3  to  12  feet 
high  would  be  required  on  the  right  or  south  bank  as  shown  on  Plate 
D-l.  The  existing  right  and  left  bank  levees  between  the  existing 
diversion  structure  and  the  CSAH  7  bridge  would  be  raised  an 
average  of  one  and  six  feet,  respectively.  Clearing  and  snag¬ 
ging  would  be  accomplished  at  scattered  locations  along  the 
entire  reach  to  remove  fallen  trees,  debris,  and  other  obstruc¬ 
tions  to  flow  in  the  channel. 

26.  This  alternative  would  also  provide  for  an  overflow  weir  with 
attendant  outlet  channel  that  would  be  located  in  the  vicinity  of 
the  wayside  park  (mile  72.1).  The  proposed  540-foot  long  weir 
would  divert  up  to  approximately  50  percent  of  overflows  in  excess 
of  the  present  project  design  discharge  of  6,500  cfs,  or  a  maximum 
of  about  850  cfs  at  the  100-year  Redwood  River  flood  flow  of  8,200 
cfs.  Overflows  would  be  conveyed  by  a  natural  ditch  on  the  east 
side  of  the  park  and  would  pass  through  proposed  multiple  culverts 
are  required  to  prevent  overtopping  of  State  Highway  23  and  possible 
overland  flooding  of  Marshall. 

27.  This  plan  would  also  provide  for  riprap  bank  protection  meas¬ 
ures,  minor  interior  drainage  measures,  relocation  of  one  house  and 
utility  relocations.  Plan  effects  and  estimated  total  first  costs  of 
about  $1.7  million  are  shown  on  table  D-l.  The  plan  would  accomplish 
the  desired  flood  damage  reduction  generally  in  accordance  with  the 
desires  of  local  interests.  Thus,  it  is  carried  forward  for  de¬ 
tailed  impact  analysis  and  possible  combination  with  downstream 
reach  improvements  to  develop  a  total  plan  for  the  Marshall  area. 

Appendix  I 

D-14 


28.  A  minor  modification  to  this  plan  (5U-Mod.  1)  was  suggested  by 
local  interests.  This  modification  would  permit  flood-free  use 

of  a  10-acre  parcel  of  land  within  a  large  river  meander  (miles 
70.45  to  70.88)  with  realignment  of  the  levee  as  shown  on  plate  D-l. 
Local  interests  would  be  responsible  for  additional  costs  of  $160,000 
over  the  most  cost  effective  alignment  (plan  5U) .  This  plan 
modification  is  also  carried  forward  for  detailed  impact  and  trade¬ 
off  analysis.  Estimated  total  first  costs  with  this  modification 
would  be  about  $1,860,000. 

29.  Another  possible  modification  to  this  plan  (5U-Mod.  2)  would 
provide  the  same  principal  features  as  plan  5U  but  would  include 
a  600- foot  long  channel  cut-off  across  the  river  meander  between 
river  miles  70.75  and  70.86,  as  shown  on  plate  D-l.  This  cut-off 
channel  would  reduce  the  required  channel  works  and  riprap  bank 
protection  around  the  river  bend  for  a  net  savings  of  about  $50,000 
excluding  financial  losses  to  the  property  owner.  Utilization  of 
the  unprotected  10-acre  area  slated  for  industrial  development  in 
the  future  would  be  adversely  affected  as  access  would  be  hindered 
by  back  water  in  the  cut-off  channel  every  one  to  two  years.  Local 
interests  do  not  favor  this  modification.  Therefore,  it  is  dropped 
from  further  consideration. 

30.  An  additional  modification  of  this  plan  (5U-Mod.  3)  would  in¬ 
clude  both  the  600-foot  long  cut-off  and  a  700-foot  long  channel 
cut-off  between  river  miles  71.2  and  71.7  as  shown  on  plate  D-l. 

This  cut-off  would  further  reduce  the  length  of  the  natural  channel 
by  2,800  feet  and  would  pass  flood  flows  in  excess  of  3,600  cfs 
(the  capacity  of  the  natural  channel  at  the  upstream  end  of  the 
cutoff).  This  alternative  would  result  in  a  slight  reduction  in 
levee  height  from  those  levees  considered  in  plan  5U  but  at  an 
additional  total  first  cost  of  about  $250,000.  Since  the  addition¬ 
al  benefits  gained  are  clearly  not  commensurate  with  added  first 
costs,  this  modification  was  not  considered  further. 
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31.  A  fourth  modification  of  this  plan  (SU-Mod.  4  or  E011988  Plan) 
would  eliminate  the  proposed  right  bank  leyee  works  between  the 

gabion  control  structure  and  CSAH  #7.  In  addition,  State  Trunk 
Highway  23  and  CSAH  7  would  be  raised  to  a  100-year  design  elevation 
of  1183.0  feet  including  3  feet  of  freeboard  (1185. 0  SPF).  Flood 
flows  in  this  upstream  reach  would  then  be  contained  between  the  river, 
CSAH  7,  Highway  23,  and  right  bank  levees  in  the  vicinity  of  the 

overflow  and  gabion  control  structures  forming  a  flood  water  stor¬ 
age  reservoir  as  shown  on  plate  D-l.  Analysis,  however,  of  this 
triangular  area  shows  little  storage  capacity  and  that  flood  flows 
would  flow  back  into  the  river  channel  (200  feet  upstream  of  CSAH 
7)  as  quickly  as  they  leave  the  channel  (downstream  of  the  gabion 
control  structure).  This  modification  was  investigated  for  both 
the  100-yeir  and  SPF  design  levels.  Additional  discussion  of  this 
alternative  is  given  in  Section  J  of  this  appendix. 


32.  At  the  100-year  design  level,  this  modification  would  reduce 
channel  modification  costs  by  about  $491,000  (66  percent)  and  total 
Federal  first  costs  by  $451,000  or  23  percent.  However,  approximately 
127  acres  of  productive  farm  land  and  vacant  land  would  have  to  be 
either  acquired  in  fee  or  flood  easements  paid.  As  acquisition  of 
these  lands  would  appear  the  most  probably  course  of  action  based  on 
discussions  with  local  interests,  non-Federal  first  costs  would  increase 
by  about  $460,000.  Additional  raising  of  the  roadways  together  with 
a  new  CSAH  7  bridge  to  achieve  a  Standard  Project  Flood  level  of  pro¬ 
tection  would  further  increase  total  Federal  and  Non-Federal  First 
Coats  by  $745,000  and  $153,000  respectively.  Since  this  modification 
would  be  more  costly  at  either  the  100-year  or  SPF  flood  levels  than 
the  considered  levee  plan  at  no  additional  benefit  it  was  not  consid¬ 
ered  further.  Substituting  levess  (Plate  D-l)  in  lieu  of  the 
considered  road  raises  would  significantly  reduce  the  increase  in 
plan  first  costs  as  discussed  in  Section  J. 
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33.  Two  alternatives  were  considered  to  the  proposed  overflow  struc¬ 
ture  along  the  right  channel  bank  at  the  wayside  park.  The  first  al¬ 
ternative  would  involve  lowering  of  State  Highway  23  in  the  vicin¬ 
ity  of  the  wayside  park  to  permit  unimpeded  Redwood  River  overflows 
into  the  Cottonwood  River  basin.  With  the  lowered  highway,  mainten¬ 
ance  of  required  river  stages  at  the  park  to  assure  passage  of  river 
overflows  would  require  limited  channel  improvements  downstream  of 
the  park.  Conversely,  the  limited  channel  widening  measures  would 
result  in  expected  severe  erosion  problems  and  possible  damage 
to  required  river  bank  levees  without  extensive  and  costly  riprap. 

In  view  of  this  effect,  the  frequency  and  duration  of  flooding  of 
the  highway,  and  potentially  increased  damages  from  higher  overflows 
(1,250  cfs  vs.  850  cfs  with  plan  5(J)  to  farm  property  south  of  the 
highway,  this  modification  was  not  considered  further. 

34.  The  second  overflow  alternative  would  involve  using  the  . exist¬ 
ing  westbound  Highway  23  embankment  as  the  overflow  weir,  together 
with  raising  of  a  driveway  east  of  the  park  to  confine  overflows  to 
the  park  area.  This  plan,  together  with  downstream  channel  widening 
measures  would  actually  result  in  lesser  overflows  into  the  Cotton¬ 
wood  basin  than  under  plan  5U  and  corresponding  increased  downstream 
discharges  through  Marshall.  Any  future  changed  channel  conditions 
downstream  of  the  park  or  related  backwater  stage  fluctuations  at  the 
park  would  make  control  of  overflows  over  the  highway  extremely  diff¬ 
icult.  In  view  of  these  problems,  the  potential  damages  to  the  high¬ 
way  itself,  and  traffic  disruptions  during  major  floods,  this  alter¬ 
nate  overflow  concept  was  also  dropped  from  further  consideration. 

PLAN  6U  -  FLOODWATER  DIVERSION  CHANNEL 

35.  In  response  to  suggestions  by  city  officials,  consideration  was 
also  given  to  a  flood water  diversion  channel  between  river  miles 
70.4  and  72.5  as  shown  on  plate  D-l.  This  channel  would  be  about 
4,200  feet  long,  18  feet  deep,  have  a  top  width  of  about  200  feet  and 


Appendix  I 
D-17 


would  pass  a  flow  of  4,850  cfs,  which  in  combination  with  the  2,500 
cfs  capacity  of  the  natural  channel  would  be  capable  of  safely  pass¬ 
ing  the  100-year  flood  flow  of  7,350  cfs.  A  combination  sheet- 
pile  diversion  and  drop  structure  would  be  located  at  the  upstream 
end.  Another  drop  structure,  about  4  feet  high,  would 
be  required  in  the  diversion  channel  to  reduce  erosive  velocities. 

Other  required  improvements  would  include  realigning  and  widening 
of  the  natural  channel  between  river  miles  70.2  and  70.4,  riprap 
bank  protection  at  critical  erosion  areas,  clearing  and  snagging 
of  approximately  1.8  miles  of  river  channel,  1,300  feet  of  levee 
about  5  feet  high  on  the  left  bank  and  4,800  feet  about  2  feet 
high  on  the  right  bank.  These  levees  would  be  along  the  diversion 
channel  cut-off  and  would  not  negate  the  need  for  levees  along  the 
natural  channel.  Levee  heights  along  the  natural  channel  with  this 
plan  would  be  reduced  an  average  of  3  feet  from  those  given  in  plan 
50.  This  plan  would  also  require  relocation  of  one  house,  a  house 
trailer,  five  utility  poles,  and  would  require  a  total  of  35.3  acres 
of  land,  7  acres  of  which  would  be  forested.  Estimated  total  plan  first 
costs  of  $3,418,500  and  significant  plan  impacts  are  displayed  on 
table  D-l.  This  plan  would  accomplish  the  same  result  as  other 
levee-channel  alternatives  in  the  upstream  reach  but  at  Substanti¬ 
ally  higher  economic  and  environmental  costs.  However,  it  is  con¬ 
sidered  further  for  detailed  impact  and  trade-off  analysis  at  the 
request  of  local  interests. 

36.  A  considered  modification  to  plan  6U  (6U-Mod.l)  would  include 
an  increased  diversion  channel  capacity  of  S,850  cfs  with  a  slight 
increase  in  channel  depth  and  width.  This  design  would  reduce  the 
right  bank  levee  along  the  natural  channel  by  about  800  feet  with 
an  additional  reduction  in  levee  height  of  about  0.5  feet.  As  this 
modification  would  result  in  only  minor  added  flood  damage  reduction 
benefits  at  moderately  higher  economic  and  environmental  costs,  it 
was  not  considered  further. 
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FLOOD  BARRIERS  AND  CHANNEL  WORKS  -  DOWNSTREAM  REACH 


37.  All  downstream  reach  structural  alternatives  were  formulated 
on  the  basis  of  their  capability  to  permit  operation  of  the 
existing  project  to  at  least  a  100-year  degree  of  protection  and 
to  provide  at  least  a  similar  level  protection  to  unprotected  flood 
plain  development.  Alternatives  considered  included  channel  works, 
levees,  combined  levee -channel  works,  and  combined  levee-highway 
works  as  discussed  in  the  following  paragraphs.  An  itemized  breakdown 
of  plan  first  costs  and  other  impacts  is  also  shown  on  table  D-l. 


PLAN  7 D  -  CHANNEL  WORKS 


38.  Considered  channel  improvements  as  shown  on  plate  D-2  to  re¬ 
duce  downstream  reach  flood  stages  would  include  widening  of  the 
river  channel  bottom  to  a  minimum  of  35  feet  by  excavation  of  the 
right  bank  only  between  river  miles  64.6  and  65.5  and  65.9  to 
66.3.  This  plan  would  also  include  excavation  of  a  channel  cut¬ 
off  to  eliminate  a  sharp  river  bend  between  river  miles  65.2  and 
65.9.  This  1,300-foot  long  cut-off  would  have  a  35-foot  bottom 
width,  1  on  3  side  slopes,  and  an  approximately  100-foot  top  width. 
Clearing  and  snagging  would  be  accomplished  over  the  river  reach 
between  the  State  Highway  23  bridge  (mile  58.3)  and  river  mile  66.3 
to  remove  all  fallen  trees,  stumps,  and  debris  from  the  river  chan¬ 
nel.  Riprap  slope  protection  would  be  placed  on  the  outside  of 
sharp  channel  bends  between  river  miles  65.0  to  65.1  and  65.4  to 
65. 6  to  prevent  erosion  of  channel  banks  and  possible  damage  to 
County  Road  67  and  a  residence.  Total  plan  first  costs  would  be 
$303,000  as  shown  on  Table  D-l. 

39.  Hydraulic  and  economic  studies  indicate  that  these  channel 
works  alone  would  provide  at  most  an  18  percent  reduction  in  flood 
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damages  to  downstream  reach  development.  These  improvements  would 
result  in  a  moderate  loss  of  tree,  brush  and  other  bank  cover,  and 
would  result  in  temporary  increases  in  stream  turbidity.  In  view 

of  the  very  minor  flood  damage  reduction  benefits  (0.6  benefit-cost 
ratio)  and  possible  adverse  environmental  effects,  channel  improve¬ 
ments  will  not  be  considered  further  except  in  combination  with 
downstream  levee  works. 

PLAN  8D  -  HIGHWAY  ALIGNMENT  LEVEE 

‘"0.  This  alternative  would  include  a  7,670-foot  long  levee  extend¬ 
ing  from  high  ground  at  Sth  Street  and  Hudson  Avenue  (see  plate  D-2) 
eastward  to  high  ground  near  the  State  Highway  23  embankment  and 
contiguous  with  a  proposed  Federal-aid  highway  (FAS6072)  alignment 
presently  under  joint  consideration  by  the  City  and  County.  A  levee 
along  this  alignment  would  principally  protect  development  not  pro¬ 
tected  by  the  existing  project  as  intended  in  the  original  design 
would  include  a  450- foot  long  levee  along  the  right  channel  bank 
immediately  upstream  of  the  downstream  confluence  with  the  diversion 
channel  (mile  66.3).  A  200-foot  long  levee  would  be  required  on  the 
right  channel  bank  to  bridge  a  low  channel  bank  area  at  river  mile 
66.1.  The  levees  would  have  a  10-foot  top  width  and  average  heights 
from  2  to  10  feet. 

41.  Other  works  required  with  this  plan  would  include  a  7-acre  in¬ 
terior  drainage  ponding  area  with  attendant  outlet  works  to  County 
Ditch  No.  62,  a  collector  ditch  along  the  landward  toe  of  the  levee, 
a  temporary  100-foot  long  sand  bag  closure,  and  limited  clearing 
and  grubbing.  A  total  of  18.1  acres  of  land  would  be  required  in¬ 
cluding  8.5  acres  for  the  levee  works  and  2.1  acres  for  the  collector 
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ditch,  tstimated  total  first  costs  (table  D-l)  for  this  flood  damage 
reduction  plan  would  be  about  $348,000.  In  addition  to  upgrading  the 
existing  project.  Plan  8D  would  provide  100-year  flood  protection 
to  presently  unprotected  residential  and  college  property  along  the 
downstream  reach.  Protection  of  unprotected  downstream  reach  property 
would  be  economically  feasible  with  a  resultant  incremental  benefit- 
cost  ratio  of  about  2.S.  Since  this  plan  provides  the  desired  down¬ 
stream  reach  flood  protection,  is  incrementally  economically  feasi¬ 
ble  as  it  relates  to  the  new  development,  and  is  generally  acceptable 
to  local  interests,  j.t  is  carried  forward  for  detailed  impact  and 
trade-off  analysis. 


PLAN  9D  -  COMBINED  HIGHWAY  -  LEVEE 


•*2.  This  alternative  would  involve  a  combined  highway-levee  embank¬ 
ment  along  the  same  alignment  shown  for  plan  8D,  as  shown  on  plate 
D-2.  This  plan  would  include  the  450-foot  long  river  bank  levee 
(mile  66. 3 j  as  in  plan  8D  but  would  not  require  the  200-foot  long 
channel-bank  levee.  Interior  drainage  needs  would  be  similar  to 
those  for  plan  8D.  Real  estate  requirements  would  increase  by  about 
20  acres  to  38  acres. 

43.  Plan  9D  provides  for  incorporation  of  the  required  levee  cross- 
section  into  the  proposed  highway  embankment.  Raising  of  the  two- 
lane  embankment  to  provide  the  required  three  feet  of  freeboard 
would  increase  local  road  fill  costs  by  about  $45,000.  A  modified 
plan  placing  the  proposed  roadway  on  the  inside  or  protected  side 
of  the  considered  levee  would  eliminate  the  added  $45,000  fill  cost 
but  would  require  off-setting  increased  local  rights-of-way  costs 
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of  about  $50,000.  With  either  variation,  the  Federal  costs  would 
be  limited  to  the  equivalent  levee  cross-section  required  for  flood 
control  together  with  needed  interior  drainage  works.  Thus,  proj¬ 
ect  first  costs  for  flood  control  would  remain  the  same  as  for  plan 
8D.  As  this  alternative  is  favored  by  the  City,  it  is  carried  for¬ 
ward  for  further  impact  analysis. 


PLAN  10D  -  COMBINED  LEVEE  -  CHANNEL  WORKS 


44.  Consideration  was  given  to  a  combined  levee-channel  plan  to 
further  reduce  flood  stages  in  the  downstream  reach.  This  alterna¬ 
tive  would  include  the  channel  works  described  in  alternative  7D 
together  with  the  highway  alignment  levee,  plan  8D.  This  plan  would 
reduce  downstream  water  levels  slightly  for  an  average  levee  height 
of  about  3.5  feet.  Interior  drainage  requirements  would  be  essen¬ 
tially  the  same  as  for  plan  8D.  Construction  of  the  channel  widen¬ 
ing  measures  would  require  replacement  of  the  200-foot  levee  with 
an  850-foot  long  levee  (mile  66.1)  of  slightly  higher  average  height. 
Total  plan  first  costs  are  estimated  at  $580,800  as  shown  on  table 
D-l .  Incremental  average  annual  first  costs  of $22,000  for  the  channel 
works  portion  when  compared  with  incremental  average  annual  benefits 
of  $11,400  indicates  that  addition  of  the  channel  work  is  not  econom¬ 
ically  feasible.  Further,  this  alternative  would  have  a  greater 
adverse  environmental  effect  in  terms  of  channel  bank  clearing, bank 
reshaping,  and  increased  turbidity  levels.  Accordingly,  plan  10D  is 
not  considered  further. 
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stream  turbidity  and 
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land  and  luring  construction, 

stream  lost 
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r  construction  of 
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facilities. 

as  of  Ome  house  would  be  re-  Sam 

ecilitles  located  a  short  distance, 

voir  ares.  Four  other  would  be 

somewhat  affected  by 
the  close  proximity  of 
considered  flood  barriers. 

Other  flood  prone  structures 
mould  be  significantly  less 
susceptible  to  recurring 
flood  damage 


Temporary  mere*:  «  during  construction  period 


i  as  Flan  SU 


ttiergy  resources  used 
for  construction. 


No  significant  effect 
ether  than  raising  and 
widening  one  bridge. 


Energy  -eaources  and  reinforced  concrete  used  for 
projec*  construction. 


Major  beneficial 
effect  to  college 
complex  with 
increased  level 
of  flood  protect¬ 
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No  significant  efface  to 
natural  resources. 
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ALTERNATIVES  CONSIDERED  FURTHER 

UPSTREAM  REACH 

45.  To  provide  increased  flood  protection  at  Marshall,  the  principal 
resource  management  problem  in  the  study  area,  the  formulation  analysis 
considered  both  non-structural  and  structural  alternatives.  Present 
programs,  such  as  flood  plain  regulation  and  flood  insurance, 

under  the  no  further  public  action  alternative,  although  effective 
flood  plain  management  tools,  would  not  provide  a  comprehensive 
solution  to  the  study  area  flood  problems.  Non-structural  alternatives 
involving  permanent  evacuation  or  partial  evacuation  flood 
proofing  could  provide  a  100-year  level  of  flood  damage  reduction  but 
were  found  to  be  uneconomic  and  socially  unacceptable.  Of  the 
structural  alternatives,  reservoir  storage  was  found  to  be  technically 
and  economically  infeasible  due  to  lack  of  needed  storage  capacity  and 
unacceptable  due  to  the  adverse  social  and  environmental  impacts. 

Thus,  localized  improvements  including  levees  and  channel  works 
together  with  flood  plain  regulation  and  flood  insurance  are  left  as 
the  only  feasible  and  practical  means  of  providing  needed  additional 
flood  damage  reduction. 

46.  The  selection  of  upstream  reach  alternatives  for  further  anal¬ 
ysis  was  based  on  the  need  for  providing  locally  acceptable  and 
viable  measures  for  insuring  effective  operation  of  the  existing 
diversion  project.  The  alternatives  carried  forward  were  then  sub¬ 
jected  to  an  in-depth  impact  and  trade-off  analysis  to  provide  a 
technically  and  economically  viable  plan  commensurate  with  the  equal 
needs  of  preservation  and/or  enhancement  of  area  environment,  social, 
and  cultural  values.  To  make  this  analysis,  all  selected  alternatives 
were  evaluated  on  the  basis  of  criteria  outlined  earlier  in  this  section. 


I 
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47.  Of  the  upstream  reach  structural  alternatives  considerd,  only 
the  combined  levee-channel  plan  (plan  SU)  and  the  flood  water  diversion 
channel  plan  (plan  6U)  would  meet  study  area  flood  plain  management 
needs  and  are  considered  further.  Plan  511  provides  the  least  costly 
plan  in  terms  of  both  first  costs  and  subsequent  operation  and 
maintenance  costs  to  the  city.  This  plan  would  enable  potentially 
damaging  flood  flows  to  reach  and  pass  through  the  existing  project 
without  problems  and  the  expense  of  local  resources  similar  to  those 
incurred  during  the  1969  flood.  The  considered  works  would  have  temporary 
adverse  effects  in  terms  of  impaired  water  quality,  increased  noise  and 
air  pollution  levels,  and  channel  bank  habitat  changes.  Marked  increases 
in  stream  turbidity  and  sedimentation  would  occur  during  construction  but 
diminish  to  below  current  levels  after  a  short  period  due  to  protection  of 
presently  eroding  river  banks.  Increased  noise,  dust,  combustion  product 
levels,  and  smoke  from  the  controlled  burning  of  debris  and  trees  would 

cease  almost  immediately  after  construction.  Revegetation  of  dis¬ 
turbed  channel  bank  areas  would  reduce  small  mammal  habitat  losses. 
Relatively  permanent  effects  would  include  the  loss  of  about  4.2 
acres  of  woodlands  and  related  small  mammal  and  bird  habitat,  and 
aesthetic  changes  where  the  proposed  level  is  in  close  proximity 
to  seven  residences. 
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48.  Plan  511  would  provide  substantial  beneficial  effects  in  terms 
of  added  flood  protection  for  the  City  of  Marshall,  which  in  turn 
would  maintain  desirable  community  growth  patterns  and  assure  Mar¬ 
shall's  status  as  a  vigorous  regional  trade,  service  and  education¬ 
al  center. 

49.  Modification  of  plan  5U  to  include  protection  to  the  10-acre 
river  meander  area  (plan  5U-mod.  1)  would  be  technically  feasible  but 
economically  unjustified  since  the  entire  area  could  be  filled  an 
average  of  about  one  foot  to  the  100-year  flood  level.  Estimated  fill 
costs  are  about  $28,700  as  compared  to  the  perimeter  levee  costs  of 
approximately  $172,000.  Levee  construction  around  the  river  loop  would 
also  result  in  considerable  fringe  woodland  loss  as  compared  to  no 
loss  with  the  basic  plan  5U  levee  across  the  open  farm  land.  Although 
a  slight  inconvenience  to  area  access,  the  proposed  levee  would 

be  ramped  and  surfaced  for  unimpeded  access  to  the  unprotected  meander 
area.  This  proposed  modification  would  also  result  in  the  loss 
over  Plan  511  of  an  additional  two  acres  of  fringe  woodland  and 
understory  cover  already  in  relatively  short  supply. 

50.  The  flood  water  diversion  channel  (plan  6U)  would  also  pro¬ 
vide  Marshall  an  adequate  level  of  flood  protection,  but  at  twice 
the  costs  of  plan  5U.  A  lower  and  shorter  right  bank  levee  with  this 
plan  would  have  lesser  adverse  aesthetic  effects  to  affected  residences. 
However,  increased  woodland  and  understory  cover  losses  of  about 

1.8  acres  would  result  with  further  adverse  effects  on  floodway 
wildlife.  However,  plan  6U  clearly  lacks  economic  feasibility  as 
indicated  by  the  0.8  benefit -cost  ratio  (.table  D-l). 


Appendix  I 
D-25 


DOWNSTREAM  REACH 


51.  Of  the  downstream  reach  structural  alternatives  considered, 
both  the  highway  alignment  levee  (plan  8D)  and  the  combined  high- 
way-levee  plan  (plan  9D)  are  discussed  further.  In  addition, 
limited  channel  measures  immediately  below  the  downstream  confluence 
of  the  river  and  diversion  channel  are  considered  with  both  plans. 

Plan  8D  with  limited  channel  widening,  would,  in  combination  with 
upstream  reach  plan  5U,  provide  the  most  cost-effective  additional 
measures  to  achieve  a  100-year  degree  of  protection  for  the  city 
and  adjacent  downstream  developments.  Plan  8D  would  result  in  min¬ 
imal  environmental  losses  as  the  proposed  levee  would  traverse  pres¬ 
ently  tilled  cropland  with  essentially  no  native  grass  or  tree  losses. 
The  required  channel  widening  works  would  occur  entirely  on  reworked 
channel  bank  areas  presently  covered  with  scattered  weed  growth. 

This  plan  would  result  in  the  immediate  loss  of  about  15  acres  of 
cropland  and  likely  facilitate  the  eventual  conversion  of  another  80 
acres  to  urban  development. 
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52.  The  combined  levee-highway  plan  (plan  9D)  would  accomplish 
the  same  degree  and  extent  of  protection  as  plan  8D  and  at  nearly 
the  same  Federal  first  cost  for  flood  damage  reduction.  This  plan 
wt .ild  result  in  the  immediate  conversion  of  about  SO  acres  of  crop¬ 
land  to  flood  control  purposes.  Except  for  slightly  increased  veg¬ 
etative  ground  cover  losses  in  the  vicinity  of  an  old  river  oxbow, 
plan  environmental  effects  would  be  similar  to  those  with  plan  8D. 
Although  plan  9D  was  initially  suggested  by  the  City,  it  is  now 
considered  unlikely  that  local  plans  for  the  proposed  highway  would 
be  ready  in  time  to  permit  combined  construction  assuming  normal 
Federal  approval  and  funding  of  any  recommended  flood  control  works. 


CONTRIBUTIONS  OF  ALTERNATIVES 
TO  NATIONAL  OBJECTIVES 


GENERAL 


t>3-  The  selected  water  resource  plan  for  added  measures  to  assure 
operation  of  the  existing  project  as  designed  and  protecting  down¬ 
stream  reach  developments  at  Marshall  must  not  only  satisfy  specific 
objectives  for  the  study  area  but  provide  positive  contributions  to  the 
national  economic  development  and  environmental  quality  objectives. 

To  achieve  a  balanced  plan  reflecting  the  area's  dual  concern  for 
improved  flood  plain  management  while  maintaining  and  enhancing 
the  natural  environment,  separate  plans  —  one  optimizing  economic 
efficiency,  the  other  emphasizing  the  environmental  quality  ob¬ 
jective  —  were  developed.  Through  a  series  of  trade-offs  among 
public  preferences  and  beneficial  and  adverse  plan  impacts,  the  plan 
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which  contributed  most  to  the  local  and  national  planning  objectives 
was  developed  and  further  refined.  Table  D-2  gives  a  comparison 
of  beneficial  and  adverse  plan  impacts  for  the  selected  plan,  NED 
Plan  and  EQ  Plan  in  accordance  with  the  system  of  accounts  estab¬ 
lished  by  the  Water  Resources  Council. 


NATIONAL  ECONOMIC  DEVELOPMENT  (NED)  PLAN 


54.  The  NED  Plan  must,  from  the  national  point  of  view,  represent 
the  best  return  on  the  investment  of  economic  resources,  including 
capital,  labor,  and  irreplaceable  natural  resources  needed  for  con¬ 
struction.  For  upstream  reach  measures  to  assure  effective  operation 
of  the  existing  project,  plan  5U  incorporating  levees,  an  overflow 
weir  with  attendant  outlet  works,  channel  widening  and  bank  stabili¬ 
zation  measures  represents  the  most  economically  feasible  plan  that 
would  provide  the  desired  degree  of  flood  damage  reduction.  Similarly, 
and  as  shown  on  table  D-2,  the  proposed  downstream  reach  levee  along 
the  considered  highway  alignment  (plan  8D)  together  with  minor  channel 
widening  measures  (part  of  plan  7D)  provides  the  most  economical 
method  of  improving  the  operation  of  the  existing  project  and  providing 
a  minimum  100-year  degree  of  protection  to  presently  unprotected 
downstream  reach  flood  plain  development. 


ENVIRONMENTAL  QUALITY  (EQ)  PLAN 


5S.  The  EQ  plan  is  the  alternative  which  enhances  the  quality  of  the 
environment  through  the  preservation  or  enhancement  of  important 
natural  and  cultural  resources  and  ecological  systems,  and  which 
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minimizes  adverse  effects  on  environmental  quality.  The  alter¬ 
natives  chosen  for  further  analysis  were  formulated  principally  on 
the  basis  of  the  flood  damage  reduction  objective.  An  evaluation 
of  these  alternatives  in  the  context  of  enhanced  environmental 
quality  was  made  to  develop  the  environmental  quality  plan.  Since 
all  alternatives  were  formulated  based  on  satisfying  the  specific 
flood  damage  reduction  objective  and  the  EQ  plan  must  also  satisfy 
this  objective,  the  EQ  alternative  was  with  relatively  minor  al¬ 
teration,  among  the  alternatives  considered  for  further  analysis. 

56.  The  selected  framework  environmental  quality  alternative  was 
that  which  is  initially  least  environmentally  disruptive  to  the  ex¬ 
isting  project  area.  After  selection  of  the  framework  EQ  alterna¬ 
tive,  measures  to  better  fulfill  specific  study  objectives  were 
added  incrementally  to  develop  the  most  acceptable  and  environmen¬ 
tally  beneficial  plan.  From  such  an  analysis  of  alternatives  con¬ 
sidered  further  for  principally  flood  damage  reduction,  it  was  de¬ 
termined  that  the  EQ  plan  would  include: 

Upstream  Reach  --  Plan  5U  incorporating  added  measures  such  as  re¬ 
shaping  and  relocation  of  certain  portions  of  the  flood  barrier  at 
nearby  residential  structures;  addition  of  a  recreational  trail  and 
other  facilities  on  or  near  the  levee  crown  to  enhance  local  recre¬ 
ation  opportunities;  modification  of  the  overflow  weir  to  better 
blend  into  the  existing  roadside  park  setting;  and  tree  and  shrub 
plantings  to  minimize  the  visual  impact  on  the  levee  works.  Clear¬ 
ing  and  snagging  measures  would  be  deleted  with  only  a  slight  adverse 
effect  on  channel  hydraulic  capacity  but  with  significant  gains  in 
environmental  quality.  This  alternative  would  have  long  term  bene¬ 
ficial  environmental  effect  in  terms  of  assured  flood  protection  for 
Marshall,  reduced  river  bank  erosion  and  improved  water  quality. 
Short-term  adverse  effects  would  include  loss  of  natural  habitat  and 
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associated  temporary  losses  in  benthic  organisms  and  small  mamnal 
populations.  Reseeded  channel  bank,  levee,  and  spoil  areas  would 
return  to  a  near-native  state  within  a  few  years  after  construction. 

Downstream  Reach  --  Plan  8  D.  together  with  limited  channel  widen¬ 
ing,  aesthetic  tree  and  shrub  plantings,  and  a  recreational  trail 
system  on  or  near  the  levee,  and  flood  plain  management  measures 
for  residual  unprotected  flood  plain  areas,  was  selected  as  the  EQ 
plan  as  well  as  the  NED  plan  since  it  would  have  the  least  adverse 
effect  .1  the  natural  and  cultural  setting  while  still  satisfying 
the  flood  damage  reduction  objective.  This  alternative  would  re¬ 
quire  no  wooded  areas  and  very  limited  grassed  areas  as  the  pro¬ 
posed  levee  alignment  would  be  along  presently  tilled  cropland. 

Small  manmals  frequenting  the  area  would  only  be  temporarily  dis¬ 
placed  by  the  construction  activities. 


PLAN  SELECTION 


57.  Selecting  the  best  plan  of  improvement  for  the  City  of  Marshall 
involved  the  comparison  of  alternatives  which  satisfy  established 
wat«.r  resource  planning  objectives  and  formulation  and  evaluation 
criteria.  Of  the  upstream  -each  alternatives  considered  further, 
plan  5U,  with  continued  flood  warning  services  and  flood  plain 
management  of  the  residual  10-acre  river  meander  area  and  addition  of 
environmental  enhancement  measures,  is  considered  in  balance  the  best 
possible  plan.  As  local  highway  plans  are  not  expected  to  be  com¬ 
pleted  in  time  to  permit  a  combined  project,  plan  8D  together  with 
minor  channel  widening  and  management  of  residual  flood  plain  areas 
is  the  best  downstream  reach  plan. 
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58.  Together,  these  plans  provide  an  effective  and  locally  ac¬ 
ceptable  combined  plan  of  improvement  for  resolving  the  residual 
flood  problem  at  Marshall.  Thus,  the  combined  plan  is  selected 
for  detailed  design  and  cost  estimates.  At  several  meetings  held 
at  Marshall,  the  city,  county,  and  Minnesota  Department  of  High¬ 
ways  have  provided  substantial  input  to  the  plan  formulation  pro¬ 
cess  and  all  generally  concur  with  the  selected  plan.  Table  IJVU 
displays  the  system  of  accounts  for  the  selected  plan. 

SCALE  OF  DEVELOPMENT 


GENERAL 

59.  To  permit  selection  of  the  optimum  economic  level  of  flood 
damage  reduction  for  the  City  of  Marshall,  costs  and  benefits  were 
evaluated  for  five  degrees  of  flood  protection  that  would  be  provided 
by  varying  the  design  flood  discharge  for  the  flood  control  project. 
Results  of  the  plan  optimization  studies  are  discussed  separately 

in  the  following  paragraphs. 

60.  To  determine  the  optimum  level  of  protection,  annual  costs  and 
benefits  were  determined  for  the  50-year  (6100  cfs) ,  100-year  (820Ocfs) , 
150-year  (9500),  200-year  (10,500  cfs),  and  250-year  (11,500  cfs) 
flood  levels.  Although  the  SPF  flood  flow  upstream  of  the  BN  Railroad 
bridge  at  mile  72.6  is  16,700  cfs,  only  11,800  cfs  can  enter  the 
project  area  through  the  Burlington  Northern  Railroad  bridge  at  mile 
72.6.  Thus,  this  flow,  equivalent  to  a  270-year  flood  frequency 

flow,  is  considered  to  represent  Standard  Project  Flood  conditions 
in  the  upstream  reach  as  the  remaining  4900  cfs  which  would  flow 
north  eastward  through  the  airport  grounds  and  re-enter  the  existing 
diversion  channel  does  not  significantly  contribute  to  the  damage 
potential  within  the  heavily  developed  areas  of  Marshall  (Reaches  B, 

C  4  D).  The  SPF  level  flow  of  16,700  cfs  was  used  to  reflect  annual 
costs  and  benefits  for  related  downstream  reach  flood  damage  reduction 
measures. 
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61.  From  an  analysis  of  annual  costs  and  benefits  for  these  five 
levels  of  protection  an  optimum  relationship  between  average  annual 
costs  and  benefits  for  the  entire  project  exists  when  flood  protection 
is  provided  against  a  flood  having  a  recurrence  interval  of  once  in 
about  133  years.  Plan  optimization  data  are  given  in  table  D-2 
and  shown  graphically  on  Plate  D-3. 


Table  D-2  Plan  Optimization  Data  (6  7 / 8%  Interest  Rate) 


Level  of 

Annual 

Annual 

Net 

Benfit- 

Protection 

Cost 

Benefits 

Benefits 

Cost  Ratio 

50-year 

$113,330 

$li*6,800 

$  33,1*70 

1.30 

100-year 

1U2.2U0 

260,800 

118,560 

1.83 

150-year 

218,070 

309,100 

91,030 

1.1*2 

200-year 

1*30,61*0 

331*  ,610 

-96,030 

0.78 

250-year 

1*83,3 20 

350,220 

-133,100 

0.72 

62.  As  a  higher  level  of  protection  would  be  justified  by  a  benefit- 
cost  ratio  greater  than  unity  but  at  reduced  net  benefits  as  indicated 
in  table  D-2,  a  sensitivity  analysis  of  interest  rates  varying  over 
time  versus  benefit-cost  ratios  was  made  to  determine  the  limits  of 
economic  feasibility.  Interest  rates  selected  to  provide  a  broad 
range  of  rates  were  the  6  7/8,  7  5/8,  8  3/8,  and  12  percent  rates.  These 
rates  were  assumed  to  increase  one-fourth  of  one  percent  peT  year  until 
fixed  by  assumed  authorization  of  the  project.  The  analysis  indicated 
that  the  earliest  the  rates  would  be  fixed  would  be  in  year  1985 
at  a  rate  of  8  3/8  percent.  A  tabulation  of  benefit-cost  ratios  versus 
interest  rates  for  the  50-year  through  200-year  levels  of  protection 
is  given  in  table  D-3.  Similar  data  for  the  250-year  flood  level 
was  not  derived  as  a  benefit-cost  ratio  less  than  unity  is  indicated 
at  the  current  6  7/8  percent  interest  rate. 
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Table  D-3  Sensitivity  Analysis-Comparison  of  Benefit-Cost 
Ratios  with  Varying  Interest  Rates 


Level  of  Protection 


Interest  Rate 

£ 

50-year 

100-year 

133-year 

150-year 

200-year 

6  7/8 

1.3 

1.8 

1.8 

l.U 

0.78 

7  5/8 

1.2 

1.7 

1.6 

1.3 

0.71 

8  3/8 

1.1 

1.5 

1.5 

1.2 

0.65 

12 

0.8 

1.1 

1.0b 

0.83 

0.U6 

63.  From  Table  D-3  it  is  evident  that  the  maximum  feasible  level  of 
protection  would  be  about  the  150-year  flood  level  at  the  8  3/8% 
interest  rate.  Increasing  the  level  of  protection  from  the  133-year 
level  to  the  150-year  flood  level  (12.8%  increase)  would  result  in  a 
29.0  percent  reduction  in  net  benefits  or  $38,300.  The  analysis  also 
indicated  that  up  to  about  the  133-year  flood  level,  total  first 
costs  generally  increase  proportionately  with  respect  to  increased 
flood  barrier  heights.  However,  once  this  level  is  exceeded,  added 
costly  measures  would  sharply  increase  total  project  first  costs  as 
generally  indicated  by  the  flattened  upper  portion  of  the  optimization 
curve  shown  on  Plate  D-3.  Principal  added  measures  to  assure  an 
effective  150-year  level  of  protection  would  include  raising  of  the 
CSAH  7  bridge  with  related  grade  transitions,  raising  of  the  BN 
railroad  subgrade  adding  an  impervious  clay  blanket  along  the  inner- 
ward  side  of  the  railroad  embankment  upstream  of  County  Highway  7, 
added  channel  works,  and  additional  flood  barrier  works  upstream  of 
the  downstream  confluence  river  and  existing  diversion  channel. 

64.  Provision  of  this  added  increment  of  protection  would  result 
in  increased  Federal  and  Non-Federal  first  costs  by  about  $680,000 
and  $360,000  respectively  for  a  total  increase  in  project  first  costs 
of  about  $1,040,000. 
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05.  Provision  of  a  standard  project  flood  level  of  protection  would 
require  further  extension  of  the  service  drive  road  raise  upstream  of 
the  Highway  23  wayside  park.  The  resultant  6  to  7  foot  raise  would 
result  in  severe  and  unacceptable  driveway  grades  at  several  residences. 
Provision  of  a  SPF  level  of  protection  would  also  result  in  severe 
dislocations  of  established  residential  areas  with  the  required 
relocations  of  5  houses  upstream  of  CSAJ1  7  and  numerous  residences  and 
businesses  in  the  developed  downtown  area  (1.2  mile  backwater  flood 
barrier  reach).  As  indicated  in  Table  D-2,  a  250-year  level  of 
protection,  which  is  close  (11,500  cfs  v.s.  11,800  cfs)  to  the  SPF 
flow  downstream  of  the  BN  railroad  bridge  at  mile  72.6  is  clearly 
infeasible  as  indicated  by  the  0.72  benefit-cost  ratio. 

66.  Assuming  a  levee  failure  at  the  SPF  flow,  approximately  3500  cfs 
would  enter  the  densely  urbanized  portion  of  the  city.  Of  this 
amount,  2000  cfs  would  represent  overland  flow  over  County  Highway  7 
and  which  would  re-enter  the  river  channel  downstream  of  the  existing 
diversion  structure.  The  total  flow  of  3500  cfs  would  result  in  a 
flooded  area  along  the  river  with  an  average  width  of  about  1200  feet 
and  average  water  depths  of  2  to  4  feet.  Overbank  velocities  would 
be  less  than  0.8  feet  per  second.  Several  hundred  commercial  and 
residential  structures  would  be  adversely  affected  by  either  basement 
or  first  floor  flooding. 

67.  However,  as  nearly  all  of  the  proposed  levees  along  both  study 
reaches  would  be  relatively  low  (4  to  5  feet  average  height)  the 
potential  for  loss  of  life  is  not  considered  great.  To  assure  that 

no  flows  would  overtop  flood  barriers  upstream  of  the  existing  diversion 
structure,  two  feet  of  freeboard  above  the  SPF  flood  level  would  be 
provided  along  the  right  bank  levee  between  the  existing  diversion 
structure  and  the  proposed  overflow  works  at  the  wayside  park. 
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68.  After  review  of  the  draft  feasibility  report,  the  City  of  Marshall 
stated  (See  April  1978  letter  from  City  of  Marshall  in  Appendix  2) 
that  provision  of  a  SPF  level  of  protection  would  be  unrealistic  and 
unacceptable  to  the  City.  They  further  advised  that  the  design 
133-year  plan  of  protection  would  be  acceptable  subject  to  a  few  minor 
modifications.  Subsequent  to  this  correspondence,  additional  study 
effort  was  made  to  establish  the  maximum  practical  but  still  feasible 
level  of  protection.  As  discussed  in  earlier  paragraphs,  this  level  is 
about  the  150-year  flood  level.  This  reanalysis  was  presented  to  the 
City  for  their  review.  By  letter  of  21  February,  1979  (See  Appendix  2) 
the  City  advised  that  the  "...  proposed  133-year  level  of  protection 
would  still  be  a  most  acceptable  level  of  protection"  and  that 

"...  the  additional  work  and  cost  involved  do  not  warrant  the 
relatively  small  degree  of  additional  protection...".  Thus,  based  on 
the  foregoing  optimation  and  sensitivity  analyses,  consideration  of  the 
impact  of  a  SPF  levee  failure,  and  views  of  the  City,  a  133-year 
degree  of  protection  was  selected  as  the  appropriate  level  for 
project  designs  and  estimates. 

69.  At  several  coordination  meetings  subsequent  to  the  basic 
formulation  studies  of  upstream  reach  flood  damage  reduction  alternatives, 
the  City  has  indicated  a  perceived  need  for  acquiring  the  flood 

plain  lands  upstream  of  CSAH  7  and  lying  between  the  right  bank 
flood  barriers  and  the  Burlington  Northern  Railroad  right-of-way. 

About  71.1  acres  of  flood  plain  land  would  be  affected  at  the 
133-year  design  flood  level.  The  City  believes  that  local  developmental 
conditions  would  force  either  outright  purchase  of  these  lands  or 
equally  costly  flood  easements.  Acquisition  of  these  lands  by  local 
interests  is  part  of  the  proposed  project  is  considered  advisable  as 
any  significant  developments  (encroachments)  in  the  floodway  may 
adversely  affect  design  flood  levels  and  operation  of  the  proposed 
project.  Inclusion  of  the  additonal  estimated  cost  of  $101,000 
for  these  lands  in  the  completed  plan  formulation  estimates  would 
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not  significantly  influence  the  conclusions  reached.  Thus,  acquisiti 
by  local  interests  of  the  additional  71.1  acres  of  flood  plain 
lands  for  project  floodway  purposes  is  incorporated  as  a  feature 
of  the  selected  plan. 
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Table  D-4  -  Selected  Plan  (.continued 
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•Property  Values  III  likely  increase  in  sone  areas  to 

reduced  flood  risk.  A,b,P 
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SECTION  E 


THE  SELECTED  PLAN 


1.  Thi  •  section  of  the  report  describes  the  plan  of  improvement 
as  selected  in  the  previous  section  on  formulation.  In  addition 
to  the  basic  description,  all  meaningful  effects,  both  beneficial 
and  adverse,  are  identified  and  discussed.  Pertinent  information 
concerning  design,  construction,  and  operation  and  maintenance  of 
the  plan  is  also  represented  to  provide  the  reader  with  a  broader 
understanding  of  the  technical  aspects  involved  for  implementation 
Plates  E-l  through  E-12  show  the  important  features  of  the  selec¬ 
ted  plan. 


PLAN  DESCRIPTION  -  UPSTREAM  REACH 


2.  The  plan  of  improvement,  selected  for  assuring  effective  op¬ 
eration  of  the  existing  project  and  protection  of  new  development 
along  the  reach  below  the  confluence  of  the  Redwood  River  and  the 
diversion  channel,  is  comprised  of  two  parts  -  that  for  the  upstream 
reach  (river  mile  66.3  to  73.8)  and  that  for  the  downstream  reach 
(river  mile  58.3  to  66.3),  respectively.  Flood  barriers  for  the 
selected  plan  are  designed  (with  one  exception  as  discussed  in 
Paragraph  S)  to  accommodate  the  133-year  flood  with  3  feet  of 
freeboard  along  both  reaches. 
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GENERAL 


j.  I  he  proposed  plan  of  improvement  fot  the  upstream  reach  con¬ 
sists  ol  levees;  channel  widening  and  reshaping;  an  overflow  di¬ 
version  structure  with  attendant  overflow  channel  and  other  works; 
channel  and  levee  slope  protection;  minor  interior  drainage  fa¬ 
il  it  it-s;  and  utility  and  building  relocations.  The  plan  would  also 

. u c 1 1 ki e  .t  i ec i eat i ona 1  trail  system ,  and  limited  picnicking  fa cilities. 

V  e  '•  t  lie  t  i  c  and  environmental  mitigation  measures  are  also  provided  to 
ttset  vegetation  and  aesthetic  losses  and  help  blend  the  proposed  project 
into  the  natural  setting.  Flood  plain  management  measures  are  proposed  for 
residua!  flood  plain  areas.  In  addition,  river  and  flood  fore- 
. as  ting  by  the  National  Weather  Service,  an  integral  part  of  the 
design  and  operation  of  levees  and  other  flood  control  systems  and 
essential  for  multi-purpose  water  resource  management  will  continue 
to  be  needed. 


LULLS 

4.  The  proposed  upstream  works  provide  for  a  2,260-foot  long 
levee  along  the  left  or  north  bank  commencing  at  the  existing 
diversion  structure  (mile  70.2)  and  extending  to  the  Burlington 
Northern  Railroad  embankment  at  the  upstream  end  as  shown  on  plate 
l.-l.  Ihe  existing  left  bank  levee  between  stations  0+00  and 
8+60  would  require  a  raise  of  about  seven  feet.  Levee  heights 
between  stations  8+60  and  22  ♦  60  would  range  from  4  to  7  feet 
with  an  average  height  of  5  feet.  The  entire  levee  would  have  a 
10-foot  top  width  except  at  the  widened  or  warped  section  between 
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station  9  ♦  00  and  14  ♦  00.  Landward  and  riverward  side  slopes 
would  both  be  1  on  3  except  along  the  warped  levee  section.  Typi¬ 
cal  cross-sections  for  the  left  bank  levee  are  shown  on  plate 
E-6.  Also  included  would  be  a  1,660-foot  long  levee  between  the 
proposed  gabion  drop  structure  and  high  ground  north  of  the  wayside 
park.  Average  height  would  be  4  feet.  Pertinent  features  of 
this  levee  are  shown  on  plates  E-2  and  E-3. 

5.  The  proposed  upstream  work  would  also  include  a  6,350-foot 
long  levee  extending  along  the  right  bank  from  the  existing  diver¬ 
sion  structure  upstream  to  high  ground  at  the  State  Highway  23 
embankment  in  the  vicinity  of  the  State  wayside  park,  as  shown  on 
plates  E-l,  E-2  and  E-3.  Except  for  a  required  3-foot  raise  of  the 
existing  levee  between  stations  0  ♦  00  and  9  +  00,  and  a  3  foot 
raise  of  a  private  driveway  between  stations  60  +  00  and  63  ♦  50, 
levee  heights  providing  three  feet  of  freeboard  over  the  133-year 
design  flood  level  would  range  from  4  to  13  feet  with  the  maximum 
height  over  an  old  channel  crossing  between  stations  48  ♦  00  and 

52  +  00.  However,  the  right  bank  levee  between  station  0  ♦  00 
and  60  ♦  00  would  be  raised  to  provide  two  feet  of  freeboard  over 
the  SPF  flood  level.  Both  the  landward  and  riverward  levee  side 
slopes  would  be  1  on  3  except  along  a  short  reach  of  residential  property 
immediately  upstream  of  CSAH  7  (station  9  ♦  40  to  13  ♦  00) ,  at  the 
access  ramp  to  the  area  within  the  large  river  meander  (station  17  +  00) 
and  at  two  residences  between  stations  53  *  20  and  58  ♦  00) .  The  short 
levee  reaches  near  the  three  residences  would  have  1  on  3  river¬ 
ward  slope  and  an  irregular  and  flattened  landward  slope  to  provide 
for  plantings  to  mitigate  tree  and  other  aesthetic  losses.  The 
access  ramp  at  station  17  ♦  00  (section  F-F,  plate  E-7),  would  have 
1  on  6  side  slopes  and  a  10- foot  wide  compacted  gravel  surface  course 
to  provide  easier  vehicular  movement. 

6.  Two  temporary  sandbag  closures  would  tie  the  right  bank  levee 
into  high  ground.  A  100-foot  long  closure  would  tie  the  road  raise 
at  station  63  ♦  SO  into  the  Highway  23  embankment  to  divert  stand¬ 
ard  project  flood  flows  into  the  Cottonwood  River  basin.  A  4 5- foot 
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long  closure  at  the  upstream  end  of  the  road  raise  west  of  the  way- 
side  park  would  provide  sufficient  freeboard  to  contain  the  133- 
year  flood. 


7.  The  top  width  of  the  right  bank  levee  would  be  10  feet  except 
along  the  existing  service  drive  between  stations  0+00  and  9+00 
and  the  driveway  between  stations  60  +  00  and  63  +  SO.  Along  the 
service  drive,  the  levee  would  have  20-foot  top  width  with  a  10-foot 
wide  gravel  surface  course.  The  raised  driveway  would  have  a  12- 
foot  top  width  with  an  8-foot  wide  gravel  surface  course.  Typical 
cross-sections  showing  the  standard  levee  sections,  irregular  sec¬ 
tions,  and  raised  road  sections  are  shown  on  plates  E-l,  E-6  and 
E-7. 


8.  The  riverward  toe  of  both  the  left  and  right  bank  levees  would 
be  located  at  least  10  feet  from  the  top  of  the  channel  bank  ex¬ 
cept  along  reaches  where  the  channel  bank  is  to  be  riprapped  and 
at  five  areas  where  existing  structures  are  located  close  to  the 
river  channel.  Along  these  latter  areas,  the  riverward  levee  slope 
would  represent  an  upward  extension  of  the  riprapped  channel  side 
slope.  Typical  cross-sections  illustrating  this  condition  are 
shown  on  plate  E-6. 


CHANNEL  IMPROVEMENTS 


9.  Proposed  channel  improvements  would  include  realignment  of  the 
river  channel  between  river  stations  9+40  and  14  +  40  to  allevi¬ 
ate  a  sharp  channel  bend.  The  bottom  width  of  the  realigned  channel 
would  vary  from  80  feet  at  the  County  State  Aid  Highway  7  (CSAH  7) 
bridge  to  SO  feet  at  a  point  approximately  500  feet  upstream  of  the 
bridge.  Other  channel  works  would  include  widening  by  excavation 
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of  one  bank  only  between  stations  48  ♦  00  to  SS  00  and  106  ♦ 

00  to  119  ♦  60,  and  channel  realignment  between  stations  97  +  00 
to  106  *  00.  The  channel  widening  between  stations  97  ♦  00  to 
119  +  60  would  lower  the  water  surface  to  that  of  the  existing 
conditions.  Minimum  channel  bottom  widths  along  these  widened 
reaches  would  be  50,  45,  and  55  feet  respectively.  Also  included 
would  be  reshaping  and  riprapping  of  6  channel  bends  as  shown  on 
plates  E-l,  E-2  and  E-3.  Typical  channel  cross-sections  are  shown 
on  plates  E-6  and  E-7. 

10.  The  proposed  540-foot  long  overflow  diversion  structure  would 
commence  at  right  bank  levee  station  58  ♦  90  and  extend  westward 
along  the  Redwood  River  as  shown  on  plate  E-3.  This  structure  would 
consist  of  a  gabion  embankment  with  a  10-foot  top  width  and  1  ver¬ 
tical  on  2.5  horizontal  side  slopes.  The  540-foot  long  overflow 
portion  of  this  embankment  would  have  a  crest  of  constant  slope 
with  elevations  of  1192.64  at  the  downstream  end  and  1192.94  at  the 
upstream  end.  The  existing  ditch  located  at  the  east  side  of  the 
park  would  be  slopes  in  the  direction  of  the  overflow  culverts  to 
pass  flood  overflows  through  the  State  Highway  23  embankment.  The 
overflow  structure  would  connence  operation  at  a  river  flow  of 
6,500  cfs  and  would  accommodate  up  to  50  percent  of  the  excess  river 
flow  over  6,500  cfs  or  a  peak  flow  of  1,260  cfs  at  the  design  133- 
year  Redwood  River  discharge. 

11.  The  proposed  gabion  drop  structure  would  be  located  at  river 
station  97  *  45  (river  mile  72.04).  The  structure  would  consist  of 
a  gabion  embankment  with  a  9-foot  grouted  crest  and  1  vertical  on 

4  horizontal  and  1  vertical  on  6  horizontal  upstream  and  downstream 
side  slopes.  There  would  be  four  36"  R  C  P  culverts  to  pass  low 
flows.  The  drop  structure  would  be  overtopped  at  a  discharge  of 
300  cfs,  or  about  every  other  year  on  the  average. 
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12.  The  proposed  2,140-foot  long  overflow  channel  would  have  a 
20- foot  bottom  width  and  a  channel  bottom  slope  of  0.2  percent  be¬ 
tween  stations  0+00  and  12  ♦  00  and  0.25  percent  between  stations 
12  +  00  and  21  ♦  40.  Channel  side  slopes  would  be  1  on  6  and  1  on 
4  respectively  for  the  left  and  right  banks  for  the  channel  reach 
along  the  State  Highway  23  right-of-way.  Channel  slopes  downstream 
of  the  Highway  23  right-of-way  would  be  1  on  6  on  both  sides  to 
permit  movement  of  farm  equipment.  The  overflow  channel  would  join 
County  Ditch  No.  70  which  ultimately  drains  into  Cottonwood  River. 
Three  115- inch  by  7 2- inch  concrete  arch  culverts  would  pass  the 
peak  design  discharge  of  1,260  cfs  through  the  State  Trunk  Highway 
23  (T.H.  23)  embankment.  Typical  overflow  structure,  overflow 
channel  and  culvert  details  are  shown  on  plates  E-3  and  E-4. 


BRIDGE  PROTECTION 


13.  Riprap  bank  and  pier  protection  would  be  provided  at  the  CSAH  7 
bridge.  Riprap  would  be  placed  over  the  entire  channel  section  and 
extend  30  feet  upstream  and  50  feet  downstream  of  the  bridge.  Typ¬ 
ical  cross-sections  at  this  location  are  shown  on  plate  E-6. 


INTERIOR  DRAINAGE 


14.  Required  upstream  interior  drainage  works  would  include  modifi¬ 
cation  of  the  State  Highway  23  drainage  system  at  the  wayside  park, 
installation  of  flap  gates  on  two  double  30-inch  railroad  culverts, 
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an  18-inch  flap-gated  culvert  at  station  10  +  00  of  the  left  bank 
levee,  installation  of  a  flap-gate  on  an  existing  driveway  culvert 
at  station  63  +  SO,  and  installation  of  a  12-inch  CMP  culvert 
through  a  driveway  at  right  bank  levee  station  11  +  20.  Modifica¬ 
tion  of  the  State  Highway  23  drainage  system  would  include  install¬ 
ation  of  a  10-foot  wide  parabolic  channel  leading  to  the  overflow 
structure,  and  a  flap-gated  36-inch  reinforced  concrete  culvert 
through  the  structure. 

The  land  area  drained  by  the  culverts  is,  in  all  instances,  very 
small  (less  than  2.5  acres)  or  the  land  slopes  away  from  the  levees. 
Thus,  installation  of  the  flap  gates  would  not  create  any  adverse 
effects.  Minor  landscaping  measures  would  also  be  accomplished  at 
right  bank  levee  station  27  ♦  00  to  fill  a  low  area  adjacent  to  the 
proposed  levee.  Typical  details  for  the  upstream  reach  interior 
drainage  facilities  are  shown  on  plates  E-4  and  E-8. 


SPOIL  DISPOSAL 


15.  The  proposed  upstream  channel  works  would  require  the  excava¬ 
tion  of  approximately  61,125  cubic  yards  of  material.  Of  this 
amount,  44,590  cubic  yards  would  be  used  as  embankment  fill.  Two 
small  disposal  areas  would  be  located  on  the  left  channel  bank  at 
station  30  ♦  00  and  48  ♦  00  to  accommodate  waste  material  not  eas¬ 
ily  accessible  to  the  levee  works.  The  0.2-acre  and  0.5-acre  areas 
would  contain  a  total  of  4,520  cubic  yards  of  spoil  material  to  a 
maximum  depth  of  about  4  feet.  Spoil  bank  levees  would  be  bulldozed 
at  each  location  to  prevent  return  of  the  excavated  material  to  the 
channel.  The  remaining  12,015  cubic  yards  of  material  obtained  from 
the  channel  works  would  be  trucked  from  the  area  to  the  existing 
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spoil  area  on  the  left  bank  of  the  existing  diversion  channel.  Sur¬ 
face  material  stripped  from  the  levee  alignment  aid  accessible  chan¬ 
nel  bank  areas  would  be  stockpiled  and  re-used  as  topsoil. 

16.  Of  the  26,775  cubic  yards  of  material  to  be  excavated  from  the 
overflow  channel,  approximately  6,180  cubic  yards  would  be  used  as 
random  backfill  or  fill  for  the  overflow  structure.  An  additional 
16,735  cubic  yards  of  waste  material  would  also  be  stockpiled  for 
subsequent  city  re-use  at  the  existing  diversion  channel  spoil  bank 
area. 


Rt LOCATIONS 

17.  The  proposed  upstream  levee  overflow  works,  and  channel  improve 
ments  would  require  the  acquisition  of  an  estimated  22.8  acres  of 
land,  temporary  construction  easements  along  two  private  driveways 
and  one  other  property,  relocation  of  one  house,  500  lineal  feet 
of  overhead  line,  temporary  relocation  of  700  feet  of  buried  utility 
cable,  and  relocation  of  about  550  feet  of  farm  fencing.  Placement 
of  the  culverts  through  the  four-lane  T.H.  23  would  require  construe 
tion  of  a  temporary  by-pass  across  the  median  to  permit  two-way 
traffic  during  project  construction.  The  extent  and  locations  of 
required  relocations  are  shown  on  plates  E-l  and  E-3. 


AESTHETIC  TREATMENT  MEASURES 


18.  Aesthetic  treatment  measures  would  be  provided  at  various  lo¬ 
cations  along  the  left  and  right  bank  levees  to  lessen  the  adverse 
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effects  of  levee  construction  near  residential  structures.  Exclud¬ 
ing  riprapped  areas,  all  disturbed  areas  would  be  reseeded  with 
native  vegetation  or  other  ground  cover  such  as  wheat  grass  or  sweet 
clover.  Other  measures  would  include  tree  and  shrub  planting  and 
warped  or  enlarged  levee  sections  with  irregular  landward  slopes  to 
blend  the  levees  into  the  natural  topography.  The  plantings  on  or 
near  the  enlarged  landward  slope  would  partially  offset  the  loss 
of  existing  tree  and  shrub  growth  and  soften  the  visual  effects  of  the 
flood  barriers  at  affected  residences. 

19.  In  addition  to  the  proposed  structural  measures,  flood  plain 
management  measures  (principally  zoning)  would  be  utilized  in  mana¬ 
ging  residual  flood  plain  areas  riverward  of  the  levees  to  preclude 
flood  prone  development  in  these  areas.  An  additional  71.1  acres 
of  flood  plain  lands  located  between  the  proposed  right  bank  levee 
and  the  Burlington  Northern  (BN)  Railroad  embankment  and  extending 
from  CSAH  7  upstream  to  the  BN  railroad  bridge  (mile  72.6)  would  be 
purchased  to  insure  preservation  of  the  area  as  a  floodway. 
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DOWNSTREAM  REACH 


GENERAL 

20.  Proposed  flood  control  improvements  along  the  downstream  river 
reach  would  include  levees,  channel  improvements,  channel  slope  pro¬ 
tection,  interior  drainage  facilities,  flood  plain  management  mea¬ 
sures,  and  beautification  measures. 


LEVELS 


21.  The  proposed  downstream  works  would  provide  for  a  7,670-foot 
long  levee  commencing  at  high  ground  near  the  State  Highway  23  em¬ 
bankment  and  extending  to  high  ground  at  5th  Street  and  Hudson  Ave¬ 
nue  as  shown  on  plates  E-9,  E-10,  and  E-ll.  The  levee  would  have 
a  10-foot  top  width  and  1  on  3  riverward  and  landward  side  slopes. 
Levee  heights  would  range  from  3  to  10  feet  with  an  average  height 
of  5  feet.  A  450-foot  long  levee  would  also  be  required  along 
the  right  bank  of  the  river  just  upstream  of  its  confluence  with 
the  diversion  channel  as  shown  on  plate  E-ll.  With  the  same  typical 
cross-section  as  the  longer  levee,  average  levee  height  would  be 
2.0  feet.  A  low  2.0-foot  high  levee  would  be  required  to  bridge 
a  low  channel  bank  reach  between  river  stations  0+00  and  9  ♦  00. 

A  2-foot  high  by  100-foot  long  temporary  sandbag  closure  across 
County  Highway  67  would  be  required  to  maintain  a  continuous  3- 
foot  freeboard  allowance  over  the  design  133-year  flood.  Typical 
cross-sections  for  these  levees  are  shown  on  plate  E-12. 
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CHANNEL  IMPROVEMENTS 


22.  Proposed  downstream  channel  improvements  would  include  widen¬ 
ing  of  the  river  channel  bottom  to  approximately  35  feet  by  excava¬ 
tion  of  only  the  right  bank  between  river  stations  0+00  and  13  + 

50.  Riprap  slope  protection  would  be  provided  along  the  entire 
widened  bank.  Riprapped  side  slopes  would  be  1  on  3.  Typical  chan¬ 
nel  cross-sections  are  also  shown  on  plate  E-12. 

INTERIOR  DRAINAGE 

23.  Required  downstream  interior  drainage  facilities  would  include 
a  7 -acre  ponding  area  at  station  27  +  00,  a  collector  ditch  along 
the  levee  toe,  and  a  24-inch  diameter  drainage  conduit  with  appur¬ 
tenant  works  leading  to  County  Ditch  No.  62.  Two  24-inch  diameter 
R  C  P  culverts  would  pass  collector  ditch  flows  through  the  County 
Highway  67  embankment.  The  ponding  area  would  be  excavated  to  ele¬ 
vation  1134.0  for  an  average  depth  of  about  4  feet.  Removal  of 
ponded  peak  design  runoff  is  estimated  to  take  about  2  days.  A  plan 
view  and  typical  section  for  required  downstream  interior  drainage 
works  are  shown  on  plates  E-9  and  E-12.  The  contributing  interior 
drainage  area  is  shown  on  plates  E-9  and  E-10. 

SPOIL  DISPOSAL 

24.  The  proposed  downstream  channel  works  would  require  the  exca¬ 
vation  of  6,390  cubic  yards  of  material.  Of  this  material,  approx¬ 
imately  1,700  cubic  yards  would  be  used  as  channel  bank  levee  fill, 
the  remaining  material  to  be  placed  on  available  City-owned  property 


Appendix  I 

B-ll 


on  the  right  channel  bank  near  river  station  10  +  00.  Of  the 
47,700  cubic  yards  ot  material  excavated  from  the  ponding  area 
and  collector  ditches,  34,100  cubic  yards  would  be  used  as  levee 
fill.  The  remaining  material  would  be  used  to  fill  a  low  area 
along  the  collector  ditch,  a  partially  filled  oxbow  on  municipal 
property,  and  two  low  areas  adjacent  to  the  ponding  area  as  shown 
on  plates  E-9  and  E-ll.  Topsoil  stripped  from  the  ponding  area 
and  ditches  would  be  stockpiled  for  replacement  on  disturbed 
areas . 


RELDi.'A I  IONS 


25.  Relocations  would  be  limited  to  the  relocation  of  900  lineal 
feet  of  overhead  utility  line  along  the  channel  bank  levee  align¬ 
ment  . 

2o.  Alternative  alignments  to  the  proposed  flood  barrier  alignments 
..ore  evaluated  to  minimize  impacts  on  study  area  wetlands.  These 
alternative  are  discussed  in  Section  J  of  this  Appendix. 


RECREATIONAL  FACILITIES 


27.  Proposed  recreational  facilities  would  include  a  5.7  mile 
long  multi-use  recreational  trail  system  with  rest  and  obser¬ 
vation  areas  extending  from  State  Highway  23  at  the  downstream  end 
of  the  proposed  project  upstream  to  the  Highway  23  wayside  park  and 
limited  picnic  facilities  in  conjunction  with  the  levee  works  at 
Justice  Park  and  the  existing  softball  complex  north  of  State 
Highway  19.  A  0.6-mile  section  of  the  trail  system  between 
State  Highway  19  and  CSAH  7  is  expected  to  be  completed  by  the 
City  prior  to  any  construction  of  proposed  project  features. 


Appendix  I 


I 


A  0. 3-mile  section  of  trail  upstream  of  County  Highway  67  (Plate  G-2) 
would  be  completed  by  the  City  concurrent  with  the  construction 
of  any  authorized  recreational  trail  facilities.  Future  development 
to  be  provided  by  the  City  might  include  the  development  of  a 
quiet  and  nature  educational  area  in  the  wooded  flood  plain 
area  upstream  of  CSAH  7,  an  improved  canoe  access  at  or  near  the 
State  Highway  23  wayside  park,  and  additional  facilities  at 
Justice  Park.  Plan  views  and  pertinent  area  sections  for  the 
proposed  recreational  facilities  are  shown  on  Plates  G-l,  G-2, 
and  G-3. 
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AESTHETIC  TREATMENT  MEASU RES 


2H.  Downstream  reach  aesthetic  treatment  measures  would  consist  of 
reseeding  all  disturbed  areas  with  suitable  ground  cover  species. 
Actual  grass  mixes  would  be  determined  during  preparation  of  final 
project  plans  and  specifications. 


PLAN  ACCOMPLISHMENTS 


29.  The  major  accomplishments  resulting  from  the  selected  plan  of 
improvement  would  be  the  improved  operation  of  the  existing  flood 
control  project  and  protection  of  downstream  reach  development  not 
protected  by  the  existing  project.  The  proposed  improvements 
would  eliminate  damaging  overbank  flows  up  to  the  133-year  design 
discharge.  Mood  flows  in  excess  of  the  existing  design  discharge 
of  6,500  cfs  would  be  equally  passed  downstream  through  the  exist¬ 
ing  project  and  through  the  upstream  overflow  diversion  works  into 
the  Cottonwood  River  basin.  The  overflow  worKS  would  reduce  the 
frequency  and  magnitude  of  floodwaters  into  the  Cottonwood  River 
basin  resulting  from  cross  flow  from  the  Redwood  River  about  43 
percent  at  the  133-year  design  flood  level  and  26  percent  at  the 
standard  project  flood  discharge. 

3u.  The  elimination  of  most  present  and  future  flood  damages  at 
Marshall  would  not  only  enhance  the  economic  development  and  sta¬ 
bility  of  the  City,  but  would  also  enhance  the  social  well-being 
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of  the  affected  people.  Specifically,  the  plan  would  provide  for 
efficient  operation  of  the  existing  project  to  provide  protection 
against  a  flood  with  a  0.75  percent  chance  of  occurring  in  any 
given  year  and  provide  flood  protection  and  related  security  to 
most  of  the  unprotected  downstream  development,  including  the 
facilities  of  the  Southwest  State  College  at  Marshall.  The  plan 
would  also  significantly  satisfy  the  demand  for  new,  expanded  or 
improved  outdoor  recreational  facilities.  Thus,  the  proposed  plan 
accomplishes  the  study  purpose  and  desired  improvements  as  expressed 
by  the  City  of  Marshall  and  Lyon  County. 


EFFECT  ON  THE  ENVIRONMENT 

31.  The  selected  plan  would  likely  facilitate  on-going  changes  in 
land  use  in  the  flood  plain.  Approximately  120  acres  of  tilled 
agricultural  land  and  over  100  acres  of  undeveloped  and  partially 
developed  vacant  land  in  the  upstream  reach  would  probably  be  devel¬ 
oped  as  single  family  or  multiple  family  dwelling  units.  Similar¬ 
ly,  and  in  accordance  with  established  zoning  classifications,  a 
large  portion  of  the  vacant  land  along  the  downstream  reach 

may  be  developed  into  an  expanded  trailer  park  and  residential 
dwelling  units.  Protected  flood  plain  property  owned  by  the  College 
would  likely  be  developed  by  the  College  as  the  need  for  additional 
building  and  outdoor  facilities  arose. 

32.  The  selected  plan  of  improvement  would  have  both  temporary  and 
permanent  effects  on  the  natural  environment.  Temporary  adverse 
effects  would  include:  increased  turbidity  and  sedimentation  dur¬ 
ing  and  for  a  short  time  after  construction  with  association  effects 
on  the  very  limited  area  fishery,  benthos  populations;  the  minor 
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long-term  loss  of  native  ground  cover  on  disturbed  levee  and  channel 
bank  areas  with  associated  losses  and  shifts  in  small  mammal  habi¬ 
tat;  increased  noise  levels  during  construction  and  slightly  reduced 
air  quality  during  construction  due  to  increased  levels  of  dust  and 
fuel  combustion  products.  Stream  water  quality  would  be  tempor¬ 
arily  worsened  due  to  increased  turbidity  and  sediment  levels,  par¬ 
ticularly  as  a  result  of  the  channel  works. 

33.  Provisions  would  be  made  in  final  designs  and  specifications 
for  appropriate  spoil  disposal,  debris  burning,  runoff  and  other 
pollution  control  measures  and  construction  inspection  procedures 
to  minimice  adverse  effects.  Construction  would  be  scheduled  to 
provide  the  least  impact  on  nesting  waterfowl  and  other  bird  life. 
Mitigation  of  temporary  vegetative  losses  would  be  accomplished  by 
reseeding  of  disturbed  areas  with  gross  species  native  to  the  area. 

34.  Relatively  permanent  environmental  effects  would  include  the 
loss  of  a  total  of  about  4.2  acres  of  trees  and  brush  cover  along 
principally  the  upstream  reach,  including  about  80  mature  trees  a- 
long  the  upstream  reach,  the  commitment  of  an  additional  119.8  acres 
of  land  in  the  Marshall  area  for  flood  control  purposes,  and  the 
cownitment  of  materials,  primarily  earth  fill,  rock  riprap,  and 
fuel  for  project  construction.  Of  the  mature  trees  removed  near 
widely  separated  upstream  residences,  few  could  be  replaced  in  size 
or  location  over  the  50-year  project  life.  These  trees  serve  as 
shade  trees,  landscaping  enhancements  and  provide  valuable  shelter 
and  resting  areas  for  area  bird  life.  This  tree  loss  would  be  par¬ 
tially  offset  with  replanting  of  similar  but  much  smaller  trees 

and  shrubs  on  warped  levee  sections  or  as  near  as  possible  to  the 
levee  while  still  providing  access  for  project  maintenance. 
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33.  Other  tree  and  understory  cover  loss  represents  a  relatively 
minor  extension  of  a  large  expanse  of  woodlands  located  a  short 
distance  upstream.  Species  of  trees  lost,  primarily  elm,  green 
ash,  cottonwood,  willow,  and  bur  oak,  are  commonly  found  in  the 
adjacent  flood  plain  areas  and  in  the  protected  woodland  of  Cam¬ 
den  State  Park  located  about  8  miles  upstream  of  the  project  area. 
Water  quality  would  probably  be  improved  in  the  long-term  due 
to  the  proposed  bank  stabilization  measures.  The  purchase  of 
71.1  acres  of  flood  plain  lands  upstream  of  CSAH  7  for  floodway 
purposes  would  maintain  the  natural  characteristics  of  the  area. 


36.  Research  at  local  libraries,  the  Marshall  and  Lyon  County 
historical  centers,  and  the  Southwest  State  College  at  Marshall 
indicate  that  no  known  architecturally,  historically  or  archeo- 
logically  significant  resources  are  present  in  the  project  area. 
Unknown  buried  resources  may  be  present  in  the  project  area,  and 
if  uncovered  during  project  construction,  would  be  preserved,  re¬ 
located  or  otherwise  disposed  of  in  an  acceptable  manner.  Recent 
contacts  with  the  State  Historical  Preservation  Officer  indicate 
that  no  sites  on  or  eligible  for  the  National  Register  of  Histor¬ 
ical  Places  are  evident  in  the  project  area. 


OTHER  EFFECTS 


37.  The  selected  plan,  without  appropriate  mitigation  measures, 
would  have  permanent  adverse  aesthetic  effects  due  to  tree  and 
shrub  losses  at  localized  areas,  particularly  just  upstream  of 
CSAH  7.  In  a  few  instances,  the  levees  would  either  block  or  de¬ 
tract  from  the  present  view  of  the  river.  These  effects  would  be 
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at  least  partially  offset  by  the  proposed  landscaping,  tree  and 
shrub  planting  and  reseeding  measures. 

3d.  Vehicular  traffic  on  T.H.  23  would  be  inconvenienced  for  a 
period  of  about  one  month  due  to  placement  of  the  overflow  channel 
culverts.  Traffic  on  CSAH  67  and  No.  Bruce  Street  would  be  incon¬ 
venienced  for  a  few  days  during  placement  of  the  collector  ditch 
culverts.  Similarly,  agricultural  activities  along  both  the  pro¬ 
ject  reaches  would  be  affected  for  two  seasons  due  to  the  levee 
construct  ion. 

39.  The  selected  plan  would  reduce  future  flood  damages  at  Mar¬ 
shall,  thus  stabilizing,  preserving,  and  enhancing  the  economic 
stability  of  the  area,  community  development  patterns,  and  the 
general  security  and  social  well-being  of  the  affected  people. 

The  plan,  if  implemented,  would  nearly  negate  the  need,  as  in 
1969,  for  the  periodic  and  inefficient  commitment  of  local  finan¬ 
cial,  manpower,  and  material  resources  for  emergency  flood  fight 
act ivit ies . 

40.  The  completed  overflow  diversion  structure  and  channel  would 
provide  an  attractive  extension  of  the  wayside  park.  Structure 
slopes  would  be  gradual  enough  to  permit  free  pedestrian  access. 
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ECONOMICS  OF  SELECTED  PLAN 

1.  The  purpose  of  this  section  is  to  present  the  procedures  used 
in  determining  the  benefits  and  costs  of  the  selected  plan.  In¬ 
cluded  are  pertinent  discussions  on  flood  damage  evaluation,  de¬ 
termination  of  project  benefits  in  accordance  with  ER  1105-2-351, 
estimated  project  costs,  project  justification  and  optimization. 

METHODOLOGY 

2.  The  evaluation  of  project  benefits  and  costs  were  accomplished 
separately  for  the  upstream  and  downstream  reaches.  These  reaches 
were  identified  early  in  the  study  to  aid  in  the  evaluation  of  reme¬ 
dial  measures  required  to  insure  effective  operation  of  the  exist¬ 
ing  project  and  measures  needed  to  protect  downstream  reach  develop¬ 
ment  not  protected  by  the  existing  project.  The  upstream  reach  ex¬ 
tends  from  the  downstream  confluence  of  the  natural  river  and  exist¬ 
ing  project  diversion  channel  (mile  66.1)  upstream  to  the  Burlington 
Northern  Railroad  bridge  at  mile  73.8  as  shown  on  plate  F-3.  The 
downstream  study  reach  extends  downstream  from  mile  66.1  to  the  U.S. 
Highway  23  bridge  at  mile  58.3.  Justification  of  needed  upstream  im¬ 
provements  was  based  on  the  need  for  additional  measures  to  assure 
effective  operation  of  the  existing  project  as  originally  designed. 
Selection  of  the  plan  for  the  upstream  reach  is  based  on  a  comparison 
of  net  benefits  attributable  to  the  most  physically  feasible  and  im- 
plementable  alternatives,  environmental  impacts,  and  desires  of  local 
interests. 

3.  The  determination  of  plan  benefits,  justification,  and  optimiza¬ 
tion  of  required  downstream  works  was  based  on  the  need  for  upgrading 
the  existing  project,  mitigating  any  adverse  effects  from  the  proposed 
upstream  improvements,  and  providing  protection  to  downstream  reach 
flood  plain  growth  not  protected  by  the  existing  project. 
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4.  Agricultural  flood  damages  along  the  270-acre  agricultural  area 
downstream  of  the  city  between  river  miles  65  and  58.3  were  not  evalu¬ 
ated  since  this  area  is  outside  the  limits  of  the  existing  project  and 
would  not  be  substantially  benefitted  by  works  needed  to  upgrade 

the  existing  project.  Further,  protection  of  this  relatively  long 
and  narrow  reach  would  be  incrementally  unjustified  by  itself. 

5.  Information  developed  in  support  of  plan  formulation  studies 
was  updated  and  expanded  upon  to  develop  a  detailed  economic  analy¬ 
sis  for  the  selected  plan.  Project  costs  and  benefits  were  estimated 
for  a  50-year  project  life  and  a  6-7/8  percent  interest  rate.  Price 
levels  are  based  on  October,  1977  prices  for  similar  work  done  in  the 
area.  The  base  year  used  in  this  economic  analysis  since  the  beginning 
of  this  feasibility  study  was  1980.  A  more  realistic  base  year  would 
now  be  about  1985.  However,  projection  of  interim  damage  growth  and 
reduction  of  future  damage  growth  to  base  year  1985  would  not  affect 
the  analysis  contained  herein  enough  to  warrant  a  change  in  plan 
formulation  or  scale  of  development  analyses. 

CHARACTER  OF  FLOODED  AREA 


6.  Without  additional  measures,  substantial  flooding  would  occur 
in  the  highly  developed  or  central  portion  of  the  city.  Approx¬ 
imately  293  acres  of  mixed  open-space  recreational,  single  and 
multiple-family  dwelling,  commercial,  and  light  industrial  property 
remains  subject  to  flood  damage  due  to  floodwaters  entering  the 
area  principally  from  the  upstream  reach.  Of  the  total  upstream 
area  subject  to  flooding,  about  120  acres  are  in  agricultural  use, 
slightly  over  40  acres  are  committed  to  existing  or  planned  resi¬ 
dential  use,  and  the  remaining  acreage  occupied  by  the  river  corri¬ 
dor  or  utilized  for  transportation  and  other  uses  as  shown  on  Plate 
F10,  Existing  and  Proposed  Land  Use.  Without  the  existing  project 
deficiency,  all  of  this  land  should  have  been  protected  during  the 
April  1969  flood. 
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7.  The  downstream  reach  area  subject  to  flooding  generally  includes 
the  flood  plain  area  between  River  Mile  66.1  and  State  Highway  23 
in  an  east-west  direction  and  between  State  Highway  19  and  the  High¬ 
way  23  bridge  (river  mile  S8.3)  in  a  south-north  direction.  (See 
plate  B-2  for  area  map.)  Approximately  21S  acres  (or  24  percent)  of 
this  approximately  880-acre  area  is  occupied  by  the  Southwest  State 
College  campus.  About  356  acres  (or  60  percent)  are  in  agricultur¬ 
al  use.  Single  and  multiple-family  dwelling  units  occupy  another 
85  acres.  Commercial  land  use  is  generally  confined  to  a  40-acre 
narrow  strip  of  land  along  State  Highwa  19  between  North  Bruce  St. 
and  State  Highway  23.  The  remaining  flood  plain  land  is  either  va¬ 
cant,  used  for  County  Ditch  No.  62,  or  is  in  transportation  use.  The 
existing  100-year  and  SPF  flooded  area  outlines  for  both  the  upstream 
and  downstream  reaches  were  determined  in  the  Flood  Plain  Information 
Study  for  Marshall  and  are  shown  on  plate  F-l. 

TYPES  OF  FLOOD  DAMAGE 


8.  Tangible  flood  damages  determined  through  field  surveys  and  re¬ 
search  of  flood  records  consist  of  the  following  categories:  res¬ 
idential:  commercial;  damages  to  buildings,  equipment  and  grounds 
at  Southwest  State  College;  damages  to  streets,  sewers,  and  other 
utilities;  and  emergency  flood  fight  and  cleanup  costs.  Minor  agri¬ 
cultural  damages  would  occur  within  or  immediately  adjacent  to  the 
developed  area  with  a  100-year  flood  under  present  conditions.  How¬ 
ever,  most  of  the  agricultural  land  use  and  related  damage  potential 
along  the  upstream  reach  (immediately  upstream  of  CSAH  7)  is  expect¬ 
ed  to  be  converted  to  residential  development  shortly  after  comple¬ 
tion  of  the  proposed  project  (see  Plate  F-10  for  map  of  proposed 
land  use).  A  total  of  80  acres  of  agricultural  land  along  the  down¬ 
stream  reach  would  be  protected  from  flooding  with  the  project. 
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Intangible  damages,  such  as  hazards  to  public  health  and  safety, 
community  disruption  and  human  suffering  and  insecurity  are  not 
evaluated  herein  in  monetary  units  but  are  discussed  later  in 
this  report  as  appropriate. 


EVALUATION  OF  FLOOD  DAMAGES 


9.  This  evaluation  of  flood  damages  includes  an  analysis  of  up¬ 
stream  reach  flood  damages  that  would  occur  under  existing  project 
and  developmental  conditions  and  the  associated  benefits  attri¬ 
buted  to  a  maximum  practical  level  of  protection  to  reduce  these 
damages.  It  also  includes  an  analysis  of  downstream  reach  flood 
damages  to  determine  the  feasibility  of  measures  to  protect 
existing  development  not  protected  by  the  existing  flood  control 
project. 


REDUCTION  IN  FLOOD  DAMAGES  DUE  TO  UPGRADING  OF 
EXISTING  PROJECT 


10.  To  facilitate  the  evaluation  of  upstream  reach  flood  damages, 
the  total  upstream  reach  extending  from  river  mile  66.1  to  73.8  is 
seperated  into  four  seperate  sub-reaches  as  shown  on  Plate  F-3  and 
described  in  Table  F-l.  These  sub-reaches  correspond  to  those  used 
in  the  original  economic  studies  for  the  existing  project  and  per¬ 
mit  an  accurate  comparison  of  existing  conditions  (with  existing 
project)  and  proposed  project  conditions. 
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Table  F-l  Description  of  Sub-Reaches 


Sub -Reach 

River  Mile 

Type  of  Development-^/ 

A 

70.7  -  73.8 

Agricultural,  Public, 
Residential 

B 

69.1  -  70.7 

Public,  Residential, 
Commercial 

C 

67.9  -  69.1 

Commercial,  Residential, 
Public 

D 

66.1  -  67.9 

Residential,  Commercial, 

Public 

77 

—Listed  in  order  of  dominant  type  of  development  and  related  flood 
damage  potential.  See  plate  F-10  for  map  of  existing  land  use. 

11.  Under  present  conditions  the  City  of  Marshall  is  subject  to 
flood  damages  when  flood  flows  upstream  of  CSAH  7  reach  about 
3,500  cfs  (16-year  frequency).  At  this  river  flow,  floodwater  over¬ 
flows  would  cross  over  CSAH  7  south  of  the  CSAH  7  bridge  and  pass 
through  sub-reaches  B  and  C  before  re-entering  the  natural  river  chan¬ 
nel  in  Marshall  about  2,500  feet  downstream  of  the  existing  diversion 
structure.  At  the  100-year  and  SPF  (11,800  cfs)  flood  flows,  the  over¬ 
flows  into  Marshall  would  be  1,090  and  2,000  cfs  respectively.  At  the 
SPF  flow  the  existing  diversion  channel  has  sufficient  capacity  to  pass 
the  remaining  8,300  cfs  flood  flow  without  adverse  effects. 

12.  In  addition  to  these  potential  damages  within  the  highly  developed 
area  of  Marshall  from  the  overflows  over  CSAH  7,  the  flood  plain  area 
upstream  of  CSAH  7  (reach  A)  is  also  subject  to  flood  damage.  Overland 
flow  coamences  at  a  river  flow  of  about  2,500  cfs  and  inunndates  park 
property,  agricultural  lands  west  of  CSAH  7  and  north  of  State  Highway 
23,  and  limited  cowercial  development  along  Highway  23. 
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Another  factor  contributing  to  increased  flood  damages  in  Marshall 
are  the  increased  flood  stages  along  the  natural  channel  (Reach  D) 
as  a  result  of  backwater  from  high  river  stages  immediately  down¬ 
stream  of  the  downstream  confluence  of  the  existing  diversion  channel 
and  river  at  river  m*:e  66.3.  At  the  100-year  flood  flow,  the  back¬ 
water  effect  woulu  extend  up  the  natural  channel  to  north  6th  St. 

At  the  SPE  flood  flow,  the  backwater  effect  would  extend  further 
upstream  to  the  vicinity  of  East  College  Drive  (see  plate  D-2  for 
street  locations). 

13.  The  extent  of  flood  damage  reduction  with  the  proposed  works 
is  measured  as  the  difference  in  remaining  flood  damages  with  and 
without  the  proposed  project.  To  evaluate  these  damages  in  accor¬ 
dance  with  ER  1105-351,  the  project  document  damages  were  updated 
to  present  conditions  reflecting  interim  flood  plain  growth  and 
October  1977  price  levels.  These  damage  estimates  were  further 
modified  to  reflect  the  conversion  of  some  agricultural  lands  (pri¬ 
marily  in  Reach  B)  to  commercial  and  residential  development  since 
completion  of  the  existing  project.  In  addition,  the  proportionate 
increase  in  the  value  of  residential  contents  over  the  approximately 
15  year  interim  (1961-1976)  was  evaluated.  A  summary  of  total  up¬ 
dated  potential  flood  damages  for  the  upstream  study  reach  at  Mar¬ 
shall  is  given  in  Table  F-2. 
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TABU  I- -2 

V 

SUMMARY  OF  TOTAL  UPSTREAM  REACH  FLOOD  DAMAGES" 
REACH  A 


Apr.  SI  <2740  eh) 

Jun.  57  (5370  ch) 

7900  ch 

K*». 

$  930 

$  2,740 

$  5,580 

Public 

930 

13,160 

19,850 

Ag.  and  Comm. 

14,180 

142,500 

160,420 

S  16,040 

$158,400 

$  185,850 

REACH  8 

•fcw. 

S  9,170 

$  24,710 

$  50,220 

Public 

8,980 

103,750 

162,240 

Ag.  and  Comm. 

5,470 

9,340 

10,260 

$  23,820 

$137,800 

$  222,720 

REACH  C 

Rm. 

$543,070 

$  2,038,030 

$  2,193,260 

Public 

365,980 

1,416,770 

1,832,910 

Ag.  end  Comm. 

568,820 

3,646,780 

5,512,130 

$  1,477,870 

$  7,101,580 

$  9,538,300 

REACH  D 

Km. 

$  199,780 

$  572,560 

$  629,820 

Pub, 

119,970 

343,370 

440,420 

Ag.  and  Comm. 

117,350 

213,580 

458,490 

14.  To  analyze  the  remaining  flood  damage  potential  along  the  up¬ 
stream  study  reach  at  Marshall,  elevation-damage  and  frequency-damage 
relationships  were  developed  for  each  sub-r^ich  and  are  displayed  on 
Plates  F-4  through  F-7.  From  these  relationships,  total  remaining 
average  annual  upstream  reach  flood  damages  with  the  existing  project 
are  estimated  at  $286,285.  Present  condition  (October  1977)  average 
annual  residential,  public  and  agricultural  and  commercial  flood  dam¬ 
ages  are  estimated  at  $78,890,  $63,435,  and  $143,960  respectively  as 
sho  'n  in  Table  F-3. 


Table  F-3  -  Estimated  Average  Annual  Damages— Upstream  Reach 


Damage  Reach 

Residential 

Public 

Agricultural-^/ 
and  Commercial 

Total 

A 

$  230 

$ 

810 

$ 

8520 

5 

9560 

B 

970 

3640 

280 

4890 

C 

59900 

45125 

123800 

228825 

D 

17790 

13860 

11360 

43010 

$  78890 

$ 

63435 

$ 

143960 

$ 

286285 

-^October  1977  prices  and  conditions 
2/ 

—  Agricultural  damages  in  Reach  A  only 

15.  Flood  damages  attributable  to  future  developmental  growth  would 
be  limited  to  conforming  flood  plain  use,  development  above  the  100-year 
flood  level  or  flood-proofed  improvements.  The  estimated  number  of 
future  structures  expected  to  be  located  within  the  100-year  flood  plain 
is  tabulated  by  decade  in  table  F-4.  No  increase  in  number  of  structures 
is  projected  for  residential  or  commercial  structures.  Agricultural  land 
use  in  reach  A  is  expected  to  decline  and  eventually  be  converted  to 
multi-family  residential  development  as  shown  on  plate  F-10. 
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Table  F-4  -  Estimated  Future  Development- 


Number  of  Structures 


Future 


Proiect  Type 

1977  1980 

1990 

2000 

2010 

2020 

2030 

Residential 

1084  1084 

1084 

1084 

1084 

1084 

1084 

Public 

17^/  18 

19 

21 

22 

23 

25 

Commercial 

200^/  200 

200 

200 

200 

200 

200 

—^Upstream  reach  and  developed  downtown  area  flood  plain  extending 
downstream  to  mile  66.1. 

-^Es  limated  from  extension  of  June  1957  flood  data. 

16.  Future  residential  damages  --  In  accordance  with  ER  1105-2-351 
only  the  growth  in  damages  to  contents  is  evaluated.  Although  the 
value  of  contents  may  by  regulations  equal  75  percent  of  the  structure 
value  the  future  maximum  value  of  contents  in  this  area  is  estimated 
at  60  percent  of  the  structure  value  based  on  field  surveys  of  exist¬ 
ing  structural  conditions  of  area  housing.  With  an  existing  total  res¬ 
idential  property  valuation  of  $32,791,000  and  an  existing  contents 
value  of  25  percent  of  the  structural  value  or  $8,197,800,  the  limiting 
damage  growth  factor  is  2.4.  An  inspection  of  Series  E  per  capita 
Income  projections  for  OBE  Area  099,  within  which  Marshall  is  located. 
Indicates  a  growth  factor  of  4.179  for  the  50-year  period  between  1980 
and  2030.  A  50-year  (1980-2030)  Series  E  per  capita  growth  factor  of 
4.179  indicates  a  compound  growth  rate  of  2-7/8  percent.  With  a  limit¬ 
ing  factor  of  2.4,  future  growth  of  contents  will  cease  in  year  31. 

With  a  base  year  average  annual  total  residential  damage  of  $81,730 
and  estimating  that  contents  incur  40  percent  of  flood  losses,  the 
1980  base  year  average  annual  damage  to  contents  is  $32,690.  Adjusted 
unit  flood  damages  reflecting  the  effects  of  the  affluence  factor  are 
ahown  by  decade  in  Table  F-5.  Future  growth  of  average  annual  damages 
at  a  2.4  limiting  growth  factor  is  $78,460.  With  31  years  of  growth, 
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and  no  growth  over  the  next  19  years,  the  average  annual  equivalent 
value  of  tills  future  growth  is  $78,460  -  $32,690  x  0.3676  or  $16,825 
as  shown  on  table  F-6.  Total  average  annual  residential  damages 
would  thus  be  $98,555. 


Table  F-5  -  Adjusted  Unit  Flood  Damages-  Upstream  Reach 


Ave.  Ann.  Damages 

Under  existing^  Projected  Unit  Flood  Damages  includ- 


Type 

1977 

1980 

1990 

2000 

2010 

2020 

2030 

Residential : 

Structure 

Contents 

$  44 

29 

$  44 

32 

$  44 

42 

$  44 

56 

$  44 

74 

$  44 

74 

$  44 

74 

$  73 

$  76 

$  86 

$100 

$118 

$118 

$118 

— ^Remaining  upstream  reach  flood  damages  with  existing  project. 


17.  Remaining  flood  damages  to  public  property  along  the  upstream 
study  reach  and  located  within  the  100-year  floodplain  are  expected  to 
grow  in  accordance  with  increasing  area  population.  At  a  0.74  percent 

straight  line  growth  rate  over  the  50-year  project  life  (from  State 
Demographer),  future  growth  of  the  1980  base  year  damage  of  $64,830 
is  estimated  at  $24,050.  Discounted  over  the  50-year  project  life, 
the  average  annual  equivalent  value  of  this  future  damage  growth 
would  be  $6,580  as  shown  on  Table  F-6. 

18.  No  future  growth  of  upstream  reach  commercial  property  damages  is 
forecast  beyond  year  1980,  as  nearly  all  available  lands  are  presently 
developed  or  are  unsuitable.  The  minor  amount  of  agricultural  activity 
in  the  area  is  expected  to  cease  in  a  few  years.  Total  average  annual 
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remaining  flood  damages  within  the  present  project  area  (upstream 
reach)  reflecting  both  existing  conditions,  future  growth,  and  ef¬ 
fects  of  the  affluence  factor  are  shown  in  Table  F-6. 


19.  The  reduction  of  flood  damages  along  the  upstream  reach  (up¬ 
stream  of  mile  66.1)  with  the  provision  of  upstream  works  alone 
would  result  in  a  slight  increase  in  downstream  reach  damages.  An 
increase  of  1260  cfs  into  the  downstream  reach  with  the  133-year 
design  flood  flow  would  raise  the  corresponding  downstream  water  sur¬ 
face  about  one-half  foot  at  the  confluence  of  the  natural  channel 
and  diversion  channel  and  along  the  agricultural  area  east  of  the 
County  67  river  crossing.  However,  the  proposed  channel  widening 
measures  iimnediately  downstream  of  the  confluence  would  reduce  this 
rise  in  the  vicinity  of  the  confluence  to  existing  condition  water 
levels.  As  no  additional  measures  are  proposed  along  the  agricultural 
reach  downstream  of  mile  65.0,  this  one-half  foot  rise  would  result 
in  increased  average  annual  damages  of  about  $1,310,  as  illustrated 
on  Plate  F-9. 

EVALUATION  OF  DOWNSTREAM  REACH  DAMAGES 


20.  Downstream  reach  (downstream  of  mile  66.1)  flood  damages  were 
determined  for  three  theoretical  peak  flood  levels  to  adequately  re¬ 
flect  the  relationship  of  damages  to  river  flood  stages.  Flood  dam¬ 
age  data  were  obtained  for  each  category  of  development  for  the  100- 
year,  100-year  minus  one  foot,  and  100-year  plus  one  foot  levels  as 
shown  in  table  F-7.  The  hypothetical  flood  levels  correspond  to  river 
flood  stages  of  1143.0,  1142.0,  and  1144.0^,  as  shown  on  the  rating 
curve  given  in  Plate  F-8.  Corresponding  recurrence  intervals  for  these 
three  peak  flood  stages  are  once  in  about  100  years,  20  years,  and  227 
years  respectively. 


21.  Emergency  flood  fight,  cleanup,  and  disaster  relief  costs  are 
also  reflected  in  the  damage  figures  given  in  table  F-7.  All 


■^River  stages  referenced  to  rating  curve  location  at  river  mile  6S.16. 
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2%  Straight  line  growth  (Factor  =  1.061) 

r 

See  paragraph  5  for  discussion  of  base  y 


damages  shown  in  table  F-7  are  present  condition  damages  to 
property  not  measurably  protected  by  the  existing  diversion 
channel  or  earlier  local  and  Federal  downstream  channel  im¬ 
provements. 

22.  Residential  flood  damages  along  the  downstream,  reach  under 
present  conditions  commence  at  a  river  stage  elevation  of  H37.5 
at  mile  6S.16  with  a  corresponding  discharge  of  725  cfs  as  indi¬ 
cated  by  the  rating  curve  shown  on  plate  F-8.  First  floor  flood¬ 
ing  up  to  about  one  foot  deep  would  occur  to  some  single  family 
dwellings  with  the  occurrence  of  the  100-year  flood  and  no  emer¬ 
gency  flood  fight.  Home  values  in  this  area  are  approximately 
$45,000  based  on  October  1977  price  levels.  A  few  permanent  resi¬ 
dences  would  be  subject  to  basement  flooding  via  seepage  and  sewer 
backup.  Thirty-four  single  and  double  unit  trailer  homes  would 

be  similarly  affected.  The  basement  levels  of  two  large  apart¬ 
ment  complexes  would  incur  severe  damage  at  the  100-year  flood 
level . 

23.  Field  inspections  and  interviews  with  home  and  property  owners 
provided  data  for  determining  physical  damages  and  values  of  resi¬ 
dences.  Evaluation  of  residential  damages  as  derived  from  depth- 

f looded-damage  tables  considered  the  value  of  the  home  and  depth 
of  flooding  above  basement  or  first  floor  levels.  Results  of  dam¬ 
age  surveys  indicate  that  total  residential  damages  at  the  100- 
year  flood  level  would  be  $355,000  based  on  October  1977  price 
levels. 

24.  Business  damage  would  consist  of  loss  of  or  damage  to  goods 
and  property  by  water,  loss  of  income  by  employers  and  employees 
due  to  shutdown,  and  cost  of  repairs  and  cleanup  necessary  for  a 
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return  to  normal  business  operation.  Of  the  businesses  in¬ 
spected  and  interviewed,  the  most  affected  by  flooding  include  a 
nursery  and  a  few  other  small  businesses  located  on  the  north 
side  of  State  Highway  19.  Total  damages  that  would  be  caused 
by  the  occurrence  of  the  100-ycar  flood  without  emergency  pro¬ 
tective  measures  is  estimated  at  $990  based  on  October  1977  price 
levels . 

25.  Rood  damage  to  downstream  reach  public  property  at  Marshall 
consists  of  damages  to  public  streets,  sewers,  and  other  utilities, 
and  damages  to  buildings,  grounds,  &  equipment  at  the  S.W.  State  Col¬ 
lege  at  Marshall.  Public  street,  sewer,  and  utility  damage  is 
minimal  at  the  100-year  flood  level.  Extensive  damage  to  low- 
level  electrical  and  mechanical  equipment  would  occur  and  exten¬ 
sive  cleanup  efforts  required  at  the  college  in  the  event  of  a 
recurrence  of  the  100-year  level  without  the  construction  of 
effective  emergency  flood  barriers.  Flooding  of  electrical  and 
mechanical  equipment  would  render  them  inoperative  with  a  likely 
closing  of  the  campus.  A  four  to  five  day  temporary  closure  of 
the  college  would  result  in  increased  annual  operating  expenses 
of  approximately  $50,000.  Total  public  damages  resulting  from  a 
flood  similar  to  the  100-year  flood  level  and  without  effective 
emergency  flood  barriers  would  be  $198,'„v'  as  shown  in  table  F-7. 

Table  F-7  --  Flood  Damage  Data  -  Downstream  Reach 


Peak  Flood  Dis-  Resi- 


Flood 

Frequency  Sta£e— ' r 
Percent  Feet 

charge 
cf  s 

dential 

Damage 

Business 

Damage 

Public 

Damage 

100-yr. -1  ’ 

4.90 

1142.0 

4000 

$  63,800 

$  o 

5185,000 

100-yr. 

1.00 

1143.0 

6700 

355,000 

900 

198,000 

100-yr. ♦!’ 

0.44 

1144.0 

9100 

807,900 

35,400 

226,000 

-  Rating  curve  location  at  mile  65.16  (existing  conditions) 
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Derivation  Of  Average  Annual  Damage 


26.  Field  studies  were  made  to  establish  high  water  marks  for  the 
April  1969  flood,  flood  damage  areas  and  zero  damage  elevations. 
Initial  damage  along  the  downstream  reach  occurs  at  a  river  stage 
of  about  1137.5  (above  mean  sea  level,  1929  ad j . )  at  mile  65.16. 
Significant  flood  damage  commences  at  a  river  stage  of  about  1143 
with  a  corresponding  discharge  of  5500  cfs.  This  elevation  corr¬ 
esponds  to  a  discharge  of  about  725  cfs  and  an  expected  frequency 
of  occurrence  of  one  in  about  2.1  years.  Damage  surveys  made  in 
November  1974  and  May  1975  for  the  downstream  reach  determined  the 
depth  of  flooding  and  pertinent  damage  elevations  at  residences 
and  other  structures.  Residential  damages  were  determined  from 
flooded-depth-damage  relationships.  Commercial  damages  were  de¬ 
termined  through  local  inspection  and  Interviews  with  affected  pro¬ 
perty  owners  and/or  managers.  Estimates  of  public  damages  were 
obtained  through  research  of  records  and/or  interviews  with  City 
and  Southwest  State  College  officials. 

27.  Using  this  basic  information  and  previously  determined  stage- 
discharge  and  frequency-discharge  relationships,  discharge-damage 
and  frequency-damage  relationships  for  both  present  and  1980  base 
year  conditions  for  each  damage  category  were  developed.  Discharge- 
damage  and  frequency -damage  curves  are  shown  on  plate  F-9.  As 
determined  in  this  manner  for  existing  conditions,  average  annual 
residential,  commercial  (business),  and  public  damages  are  estimated 
at  $13,450,  $375,  and  $52,575  respectively. 

Future  Flood  Damage 

28.  Future  flood  plain  development  is  expected  to  occur  in  accor¬ 
dance  with  flood  plain  regulations  that  have  recently  been  adopted 
by  the  City. 
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Thus,  damages  to  new  development  would  be  limited  to  conforming 
flood  plain  use,  development  above  the  100-year  flood  level  or 
flood-proofed  improvements.  The  estimated  future  numbers  of  down¬ 
stream  reach  flood  plain  structures  is  tabulated  by  decade  in  table 
1-8. 


Table  F-8  --  Estimated  Future  Development  -  Downstream  Reach 


Number 


Existing 

F  u  t 

u  r  e 

Property  Type 

1977 

1980 

1990 

2000 

2010 

2020 

2030 

Res  ident ial : 

S i ng 1 e - 1  am i  1  y 

•14 

44 

44 

44 

44 

44 

44 

Mult  i p  1  e - F am i  1  v 

66 

66 

66 

66 

66 

66 

66 

Commercial 

3 

3 

3 

3 

3 

3 

3 

Public 

7 

7 

8 

9 

9 

10 

10 

20.  Residential  --  Present  condition  average  annual  flood  damages 
were  increased  as  appropriate  to  reflect  new  damage  growth  over  the 
50-year  project  life.  In  projecting  future  residential  flood  dam¬ 
ages,  and  in  accordance  with  EK  1105-2-351,  only  the  growth  in  dam¬ 
ages  to  contents  is  evaluated.  Further,  the  future  value  of  the  con¬ 
tents  is  not  expected  to  exceed  60%  of  the  structural  value.  The  ex¬ 
isting  value  of  damage-prone  residential  structures  in  the  downstream 
reach  is  approximately  $1,560,000.  With  a  current  contents  value 
of  25  percent  of  the  structural  value,  the  limiting  growth  factor 
is  2.4.  An  inspection  of  Series  E  per  capita  income  projections 
for  OBE  area  099,  within  which  Marshall  is  located,  indicates  a 
growth  factor  of  4.179  for  the  50-year  period  between  1980  and  2030. 
This  growth  factor  indicates  a  compound  growth  rate  of  approximately 
2-7/8  percent.  A  limiting  factor  of  2.4  thus  indicates  that  future 
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growth  of  contents  will  cease  in  year  31.  With  a  base  year 
average  annual  total  residential  damage  of  $14,660,  and  assum¬ 
ing  that  contents  incur  40  percent  of  flood  losses,  the  1980  base 
year  average  annual  damage  to  contents  is  $5,860.  Adjusted  unit 
flood  damages  reflecting  the  effects  of  the  affluence  factor  are 
shown  by  decade  in  table  F-9.  Future  growth  of  average  annual 
damage  to  contents  at  a  2.4  limiting  growth  factor  is  $14,060. 
With  a  31-year  growth  period  and  no  growth  thereafter  over  the 
50-year  project  life,  the  average  annual  equivalent  value  of  the 
net  future  growth  is  $8,200  x  0.3676  or  $3,015,  as  shown  on  table 
F-10.  Thus,  total  average  annual  residential  damages  are  esti¬ 
mated  at  $17 ,675 . 

Table  F-9  --  Adjusted  Unit  Flood  Damages  -  Downstream  Reach 

Physical  Ave. Ann. Dam- 

Flood  ages  under 

Losses  by  Existing  Projected  Unit  Flood  Damages  Including 

Property  Conditions  Effects  of  Affluence  Factor _ 


IZE£ _ 

1977 

1980 

1990 

2000 

2010 

2020 

2030 

Residential : 

Structure 

$  73 

$  80 

$  80 

$  80 

$  80 

$  80 

$  80 

Contents 

49 

S3 

70 

93 

128 

128 

128 

$122 

$133 

$150 

$173 

$208 

$208 

$208 

30.  Flood  damages  to  public  facilities  are  expected  to  grow  gen¬ 
erally  in  accordance  with  the  growth  in  such  facilities  needed  to 
meet  the  needs  of  an  increasing  area  population.  Although  the  pop¬ 
ulation  of  the  southwest  region  of  the  state  is  expected  to  decline, 
both  the  0BERS  series  E  and  State  demographer's  projections  indi¬ 
cate  a  rising  population  for  Lyon  County.  The  city  of  Marshall  is 
a  growing  regional  educational  trade  and  farm  service  center  for 
the  region  and  is  expected  to  continue  growing  over  the  next  50 
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years.  The  projections  by  the  State  Demographer  are  considered  to  best 
represent  this  local  growth  situation  with  a  50-year  growth  increase 
of  57.1  percent,  or  an  annual  straight  line  growth  rate  of  0.7  percent 
simple  growth  rate  over  the  50-year  project  life  is  estimated  at  $19,920. 
Discounted,  this  future  growth  would  be  55,450  on  an  average  annual 
basis  as  shown  on  Table  F-10. 

51.  No  future  growth  of  damages  to  commercial  establishments  is  antici¬ 
pated  beyond  base  year  1980.  lixpansion  of  a  flood-prone  nursery  will 

be  accomplished  outside  the  flood  plain.  No  further  expansion  of  other 
small  establishments  was  indicated  in  interviews  with  building  owners 
and  operators. 

52.  Total  average  annual  downstream  reach  flood  damages  of  $77,235 
fleeting  both  existing  conditions  and  future  growth  and  including  effects 
of  the  affluence  factor  are  shown  in  table  F-10. 


Appendix  I 


Table  F-10--  Existing  and  Future  Downstream  Reach  Flood  Damages 
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BENEFITS 


33.  Project  benefits  include  the  benefits  attributable  to  reduction  of 
flood  damages  in  the  upstream  and  downstream  study  reaches.  They  also 
include  location  benefits  attributable  to  the  incidental  protection  of 
present  agricultural  property  which  would  likely  be  converted  to  more 
intensive  development  with  protection  from  flooding.  Recreation  bene¬ 
fits  that  would  he  realized  from  proposed  facilities  attendant  to  the 
proposed  flood  damage  reduction  measures  are  determined  in  Section  G  of 
Appendix  1  and  included  in  the  summary  of  benefits  given  later  in  this 
section.  Similar  to  the  prior  discussion  of  flood  damages,  the  discussion 
of  related  flood  damage  reduction  benefits  is  presented  seperately  for 
the  upstream  and  downstream  study  reaches. 
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FLOOD  DAMAGE  REDUCTION  BENEFITS 


34.  Flood  damage  reduction  benefits  considered  in  this  analysis  con¬ 
sist  of  both  benefits  attributable  to  additional  measures  required  to 
assure  effective  operation  of  the  existing  project  and  protection  of 
presently  unprotected  downstream  property.  These  benefits  were  derived 
in  accordance  with  the  following  rationale.  Flood  control  benefits  rep¬ 
resent  the  difference  in  flood  damages  with  and  without  the  selected 
plan  (133-year  degree  of  protection).  First,  benefits  from  improving 
the  operation  of  the  existing  project  were  determined  from  revised  fre¬ 
quency-damage  relationships  as  the  reduction  in  remaining  flood  damages 
with  and  without  the  proposed  remedial  measures.  Then,  increased  down¬ 
stream  reach  flood  damages  caused  by  the  approximate  one-half  foot  raise 
in  water  levels  along  the  unprotected  agricultural  reach  downstream  of 
mile  65.0  were  subtracted  to  obtain  net  benefits.  Benefits  attributable 
to  protection  of  presently  unprotected  downstream  reach  property  were 
also  evaluated  based  on  an  analysis  of  discharge-damage  and  frequency- 
damage  relationships  shown  on  plates  F-4  through  F-7  and  F-9.  Average 
annual  flood  damage  reduction  benefits  under  present  conditions  were 
computed  as  the  difference  in  areas  (converted  to  equivalent  dollar  dam¬ 
ages)  under  the  "with"  and  "without"  project  frequency -damage  curves 

as  shown  on  plates  F-4  through  F-7  and  F-9.  Present  (1977)  condition 
average  annual  benefits  attributable  to  obtaining  effective  operation 
of  the  existing  project  (upstream  study  reach)  and  protection  of  unpro¬ 
tected  downstream  development  are  estimated  at $195,710  and  $56,600 
respectively. 

35.  To  determine  benefits  resulting  from  the  reduction  in  future  flood 
damages,  present  condition  residential  and  public  benefits  are  con¬ 
sidered  to  increase  in  the  same  proportion  as  future  flood  damages.  The 
development  of  total  average  annual  flood  damage  reduction  benefits  of 
$221,730  attributable  to  assuring  effective  operation  of  the  existing 
project  and  benefits  of  $65,860  attributable  to  protection  of  downstream 
developments  not  protected  by  the  existing  project  is  shown  in  tables 
F-ll  and  F-12  respectively. 
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DOWNSTREAM  REACH 
LAND  USE  CHANGES 


16.  Approximately  85  acres  of  downstream  reach  flood  plain  land 
presently  in  crop  use  would  he  protected  by  the  project  levee.  This 
area  Is  presently  zoned  tor  single  family  and  multiple-family  de¬ 
velopment  as  shown  on  Plate  F-10.  Local  interests  indicate  that 
this  area  would  be  developed  even  without  a  project  due  to  its  close 
proximity  to  existing  thoroughfares  and  utilities  and  the  downtown 
service  area.  The  "without-project"  condition  represents  development 
of  these  areas.  This  development  is  expected  to  commence  immediately 
after  completion  of  the  project.  Of  the  85  acres  available  for  de¬ 
velopment,  65  acres  could  reasonably  be  developed.  Of  this  acreage, 

56  acres  would  be  developed  with  residential  dwellings,  the  remain¬ 
ing  12  acres  to  be  used  for  streets,  utilities  and  open  space  areas. 

No  change  in  land  use  and  intensity  of  development  is  anticipated  with 
the  project.  The  current  value  of  this  land  reflects  agricultural  use 
with  appreciation  due  to  eminent  urbanization.  The  difference  in  value 
between  agricultural  land  under  urbanization  pressure  and  agricultural 
use  sustained  into  the  future  is  about  $2,000  per  acre.  A  market 
value  increase  is  anticipated  with  the  project  equal  to  the  capitali¬ 
zed  costs  savings  of  not  incurring  flood  proofing  development  costs. 
However,  these  project  benefits  are  evaluated  as  an  innundation  re¬ 
duction  cost  savings  benefit. 
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REDUCED  FLOOD  PROOFING  COST  SAVINGS  BENEFIT 


37.  In  accordance  with  ER  1105-351,  reduced  flood  proofing  costs 
were  calculated  as  an  Innundatlon  reduction  benefit  for  the  downstream 
reach  under  proposed  project  conditions.  In  the  absence  of  providing 
levee  protection  to  the  net  56  developable  acres,  an  average  of  3.2 
feet  of  earthen  fill  would  be  required  to  bring  the  area  up  to  the 
133-year  design  water  surface  elevation.  Of  the  required  244,000  cubic 
yards  of  fill,  approximately  40  percent  would  be  hauled  in  from 
other  areas  and  could  consist  of  demolition  debris,  excavated  material 
from  area  building  projects  or  new  borrow.  Estimated  total  first  costs 
of  $155,800  capitalized  at  a  6-7/8  percent  rate  of  return  give  a  net 
savings  or  benefit  of  $11,110. 

A  very  limited  number  of  present  land  owners  would  receive  benefits  from 
flood  proofing  cost  savings  with  protection  of  their  property  against 
flooding.  Protection  of  the  56  developable  acres  is  incidental  to 
the  selection  of  the  most  cost  effecitve  levee  alignment.  Local 
interests  indicate  that  adjustment  of  the  levee  alignment  to  exclude 
this  property  would  require  their  probable  payment  of  flood  ease¬ 
ments  equal  or  greater  in  value  to  any  flood  proof  cost  savings. 

OTHER  BENEFITS 


38.  The  proposed  project  would  provide  in  addition  to  the  eavluated 
monetary  benefits.  Intangible  benefits  Including  reduced  apprehen¬ 
sion  and  anxiety  of  area  residents,  reduced  hazards  to  health  and 
safety,  and  reduced  disruptions  to  established  community  growth 
patterns.  Construction  of  the  recreational  trail  system  and  picnic 
facilities  would  provide  substantial  benefits  in  terms  of  increased 
leisure  time  opportunities  and  direct  monetary  benefits  in  terms  of 
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local  expenditures  for  enjoyment  of  recreational  biking,  cross¬ 
country  skiing,  walking,  picnicking,  and  other  activities.  These 
benefits  are  presently  estimated  at  $43,130. 

39.  Estimated  downstream  reach  flood  damage  reduction  benefits  of 
$76,970  including  flood  proof  cost  savings  are  summarized  in  Table 
F-14 . 
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Table  F-13  -  Summary  of  Benefits 
Flood  damage  reduction 

Improvement  of  existing  project  (upstream  reach) 


1980  Base  year  conditions  $204,570 

Future  growth  17,160 

Downstream  reach 

1980  Base  year  conditions  58,610 

Future  growth  7,23u 

Reduced  rlood  Proofing  Cost  Savings  Benefit  11,110 

Recreation  benefits  (entire  study  area)  iliJJJL 

$341,830 


DETAILED  COST  ESTIMATE 


40.  A  detailed  estimate  of  project  costs  based  on  October  1977  price 
levels  and  reflecting  similar  work  done  by  the  St.  Paul  District  in 
the  area  is  given  in  Table  F-4.  Estimated  land  co  ts  are  based  on 
recent  market  transactions  in  the  area. 
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I  able  [.•_  1 4  - _ Petal  led  l.stimatc  ef  I  i  rst  Costs 


Unit  lotal 


1  f  etn 

Unit 

Quant i ty 

Cost 

Cost 

1  edera  1  1  i  rst  i  >  -t  s 

l  h.i  une  1  s 

Main  Channel 

i  lean  and  grub 

ac . 

3.6 

$1,000.00 

$  3,600 

i.xcavat  ion 

c  •  y  • 

67,315 

1.50 

101,300 

spoil  hasted  on  river 
bank 

e .  y . 

10,910 

0.40 

4,400 

Spoil  trucked  to  disposal 
a  r  c.i 

c.y. 

1,903 

0.80 

1,500 

'■poll  hauled  tor  levee 
and  random  channel  fill 

c  .  y . 

54,700 

.35 

19,100 

Channe 1  fill 

Random 

c.y. 

10,100 

0.75 

7,600 

I’ei  v  i  oils 

c.y. 

8,850 

2.00 

17,700 

It  i  prup 

c.y. 

17,755 

20.50 

364,000 

bedd i ng 

c.y. 

10,585 

9.00 

95,300 

Seed  1 1 1 >4 

ac . 

1  .4 

700.00 

1,000 

i  out  i  noetic  les  (dOSi 

123,100 

lotal  l. Manuels 

$738,600 

l.ev  ees 

St  r i pping 

c.y. 

15,930 

$  1.10 

$  17,500 

l.evee  fill 

c.y. 

77,660 

0.80 

62,100 

1  opsu  1  1 

c.y. 

14,935 

1.75 

26,100 

Seed i ng 

ac . 

13.6 

650.00 

8,800 

blear  and  grub 

ac. 

1.6 

1 ,000.00 

1,600 
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Tabic  F - 14  -  Detailed  Estimate  of  First  Costs  (continued) 


Unit  Total 

Unit  Quantity  Cost  Cost 


•ederal  First  Costs  (continued! 


Lev ees  (continued) 


Remove  existing  pavement  s.y. 
Remove  and  replace  base 


course 

c.y. 

Bit  . 

wear  course 

ton 

Bit. 

Binder  course 

ton 

Bit. 

material 

ton 

Plant 

mgs 

job 

Contingencies  (20°») 
Total  Levees 


1,550  : 

$  1.75 

$ 

2,700 

350 

2.50 

900 

180 

15.00 

2,700 

180 

10.00 

1,800 

IS 

100.00 

1,500 

sum 

-- 

17,500 

28,600 

$ 

171,800 

Floodway  Control  and 
Diversion  Structures 


(Overflow  structure) 


stripping 

c.y. 

2,810  $ 

1.10  $ 

3,100 

Embankment  fill 

c.y. 

4,035 

0.90 

3,600 

Channel  excavation 

c.y. 

19,465 

0.60 

11,700 

Spoil  hauled  away 

c.y. 

17,320 

.75 

13,000 

Riprap 

c.y. 

2,370 

20.50 

48,600 

Bedding 

c.y. 

1,185 

9.00 

10,700 

Channel  fill 

c.y. 

250 

2.00 

500 

Topsoil  from  channel 
stripping 

c.y. 

1,775 

1.25 

2,200 

Seeding 

ac. 

3.4 

650.00 

2,200 

Gabion  slope  and  crest 
protection 

c.y. 

1,000 

65.00 

65,000 

Concrete  weir  key 

c.y. 

90 

125.00 

11,200 
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labU'F-14  -  Detailed  Estimate  of  First 

Costs  (continued) 

Unit 

Total 

Item  Unit 

Quant ity 

Cost 

Cost 

Federal  First  Costs  (continued) 

1  loodway  Control  and 

Diversion  Structures  (continued) 

(Overflow  Structure)  (continued) 

115x72"  R  C  P  arch  cul.  l.f. 

501  $ 

215.00 

$ 

107,700 

115x72"  R  C  P  aprons  ea. 

6 

1  ,000.00 

6,000 

Asphaltic  concrete  ton 

85 

23.00 

2,000 

Class  5  gravel  c.y. 

85 

5.50 

500 

Class  5  gravel  c.y. 

210 

4.50 

900 

Frost  free  fill  c.y. 

490 

8.50 

4,200 

Temporary  llwy.  23  bypass  job 

sum 

-- 

12,000 

(.out  ingencies  (20%) 

61,000 

Sub-total  Overflow  Structure 

$ 

366,100 

(Channel  Drop  structure) 

i.abion  slope  protection 

1 1  ’  deep)  c.y. 

530  $ 

65.00 

$ 

34,400 

i.abion  end  sill  (3 *  deep)c.y. 

22 

44.00 

1,000 

Mass  concrete  c.y. 

30 

65 . 00 

1 ,900 

(irout  c.y. 

6 . 4 

40.00 

300 

24"  R  C  P  -  CL  111  l.f. 

152 

30.00 

4,600 

Lnd  section  for  24"  pipe  ea. 

8 

150.00 

1,200 

Contingencies  (20%) 

8,700 

Sub-total  Drop  Structure 

$ 

52,100 

Total  1 loodway  Control  Diversion 

Structure 

$  418,200 
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Unit  Total 

1  torn _ Unit  Quantity  Cost _ Cost 

Federal  First  Costs  (continued) 


Interior  Drainage 


I  lead  wall  A 


Concrete  headwall 

job 

sum 

$ 

1,100 

R ip rap 

c.y. 

20 

$  20.00 

400 

Bedd i ng 

c.y. 

9 

10.00 

100 

30"  Map  gate  with 

Type  T  thimble 

ca. 

2 

2,000.00 

4,000 

Headwall  B 

Concrete  headwall  with 
r i prap 

job 

sum 

1,800 

30"  Flap  gate  with 

Type  I-  thimble 

ea . 

2 

2,000.00 

4,000 

Headwall  C 

Concrete  headwall 

job 

sum 

-- 

1,300 

18"  C  M  P  with  end 
sect  ion 

l.f. 

55 

28.00 

1,500 

Riprap 

c.y. 

46 

20.50 

1,000 

Bedding 

c.y. 

23 

9.00 

200 

18"  Flap  gate  with 

Type  F  thimble 

ca. 

1 

1,400.00 

1,400 

Headwall  0 

Concrete  headwall 

job 

sum 

-- 

1,200 

16"  Flap  gate  with 

Type  F  thimble 

ca. 

1 

1 ,200.00 

1 ,20Q 
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table  K-14  -  Detailed  l.stimate  of  First  Costs  (continued) 


1 1  cm 


Unit  Total 

Unit  Quantity  Cost _ Cost 


Federal  1 ir-t  Costs  (continued) 
Interior  Drainage  (continued) 


llcadwall  I 


i.xcavation  (headwall 


and  210-foot  channel) 

c.y. 

170 

$  5.50 

$  900 

Concrete  headwall 

job 

sum 

-- 

500 

3b"  1  lap  gate  with 
ivpe  1-  thimble 

ea. 

1 

2,400.00 

2,400 

Driveway  Culvert 

iRt  .  ban!  sta.  9+ SO) 

18"  C  M  1’ 

l.f. 

30 

1  .50 

600 

Ponding  Area  and 

Col  1  ector  1)  i  tch 

Ponding  area  cx- 
cavat ion 

c.y. 

41,940 

.75 

31,400 

Collector  ditch  excava 
t  ion 

c.y. 

6,180 

3.00 

18,500 

Spoi 1  trucked  to  dis¬ 
posal  area 

c.y. 

5,300 

0.75 

4,000 

Stripping 

c.y. 

7,400 

1.10 

8,100 

lopsoil  from  sn  ipping 

c.y. 

7,450 

1.40 

10,400 

Seeding 

ac. 

10.0 

650.00 

6,500 

24"  R  C  P  ditch 
culverts 

l.f. 

130 

24.00 

3,100 

Fnd  sections  for  24" 

R  C  P 

ea. 

4 

150.00 

600 
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luble  F-14  -  Detailed  estimate  of  F  rst  Costs  (continued) 


n  . 


Unit 

Unit  Quantity  Cost 


Total 

Cost 


oderal  First  Costs  (contin'ied) 
Interior  Drainage  (continued) 

Gate  Wei  1 


Reinforced  concrete 

c.y. 

9  $  175.00  $ 

1,600 

Manhole  frame,  cover 
and  steps 

job 

sum 

600 

24"  sluice  gate 

ea. 

1  2,700.00 

2,700 

licadwall  G 

Concrete  head wall 

job 

sum 

1,600 

24"  R  C  P  CL  III 

l.f. 

808  24.00 

19,400 

l.nd  section  with  grate 
for  24"  pipe 

ea. 

1  400.00 

400 

24"  Flap  gate  with 

Type  F  thimble 

ea. 

1  1,800.00 

1,800 

Contingencies  (2ti) 

30,700 

Total  Interior  Drainage 

$ 

184,000 

Recreational  Facilities-^ 

I 

Recreational  Bike  Frail 

(From  Section  G  est.)  $ 

279,600  ■ 

Cross  Country  Ski  Trail 

If 

2,900  , 

Beautification  Plantings 

II 

36,000  j 

Picnic  Facilities 

II 

2,800  ! 

Contingencies 

II 

64,300 

2/ 

Total  Recreational  Facilities— 

$ 

385,660  ! 
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I.il'lc  F- 14  -  Detailed  I  st  imato  of  First  Costs  (continued) 


1 1  cm 


Unit  Total 

Unit  Quantity  Cost _ Cost 


I  ctlcral  I  ir.st  Costs  (conti nued ) 

engineering  and  Design—1^ 
Supervision  and  Administration— 
1 nspcct ion 
Overhead 


3/ 


$  189,800 

94,900 

47,500 


Total  Engineering,  Design,  Supv.  and  Admin. 

Total  Cost  (Federal  First  Costs 

plusNon-F'ederal  Contribut ions) 

Cess  Non-Federal  Contribution 


$  332,200 

52,230,400 
221,600 


Total  Federal  First  Costs 


$2,008,800 


Nun-Federal  First  Costs 


1. a  lids  and  damages 


1  loud  font  rol  -  fee 
purchase 

ac. 

119.8  $  1,400,00  $  167,700 

Acquisition  and  ease¬ 

. 

ment  s 

job 

sum  --  8,600 

Contingencies  (202) 

35,300 

Total  Lands  and  Damages 


Rclocat ions 

Remove  and  replace 

(6'  x  SO')  foot  bridge  job 

Relocate  dwelling  job 


sum 


$  211,600 


$  16,000 
8,000 
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sum 


Table  F-14  -  Detailed  Estimate  of  First  Costs  (continued) 


Unit 

Item _ Unit  Quantity  Cost 

Non-Federal  First  Costs  (continued) 


Relocations  (continued) 

Overhead  power  lines 

l.f. 

1,400.0  $ 

11.00 

Underground  utility 
cabl  e 

l.f. 

550 

6.60 

Farm  fence 

l.f. 

700.0 

0.90 

Contingencies  (20%) 

Total  Relocations 

Lngineering  and  Design 

Supervision  and  Administration 
Insepct ion 
Overhead 

Non-Fcdcral  Contributions 

Recreation  facilities 
(50%  of  est.  cost) 

Indirect  Costs 


Total  Non-Federal  Contributions 

Non-Federal  First  Costs 
Total  Project  First  Costs^ 


Total 

Cost 


$  15,400 

3.600 
630 

8,800 
$  52,400 
$  5,200 

$  2,800 

1.600 

$  192,800 
28,800 


$221,600 


$495,200 


$2,504,000 
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See  Section  (i  for  detailed  estimate. 

:/ 

Includes  SO  percent  Non-Federal  contribution. 

V 

Includes  Non-Federal  contribution  for  indirect  costs  on  recreational 
facil ities, 

4/ 

Includes  items  2  and  3  above. 

S/ 

Exclusive  of  pre-authorization  study  costs. 
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ANNUAL  COSTS 


41.  Annual  costs  are  computed  on  the  basis  of  a  50-year  economic 
life  and  an  interest  rate  of  6-7/8  percent.  Included  in  the  total 
estimated  annual  charges  shown  below  are  the  costs  of  non-Federal 
operation  and  maintenance  of  the  proposed  project.  Since  the  pro¬ 
ject  would  be  completed  in  two  construction  seasons  or  less,  no 
charges  are  included  for  interest  during  construction. 

FEDERAL 


Estimated  first  cost 

Interest  during  construction 

$2 

,008,800 

0 

Total  Federal  investment 

$2 

,008,800 

Federal  Annual  Charges 

Interest  and  amortization 

$ 

143,270 

Total  Federal  Annual  Charges 

$ 

143,270 

NON-FEDERAL 

Estimated  first  cost 

Interest  during  construction 

$ 

495,200 

0 

Total  Non-Federal  investment 

$ 

495,200 

Non-Federal  Annual  Charges 

Interest  and  amortization  ($495,200  (i  0.07132) 

Operation  and  maintenance 

$ 

35,320 

9,000 

Total  Non-Federal  Annual  Charges 

s 

44,320 

TOTAL  ANNUAL  CHARGES 

$ 

187,590 
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PROJECT  JUSTIFICATION 


42.  In  accordance  with  established  procedures,  both  the  remedial 
measures  and  protection  of  downstream  reach  development  are  eco¬ 
nomically  justified.  A  comparison  of  incremental  annual  costs 
versus  annual  benefits  for  the  remedial  measures  indicates  an  incre¬ 
mental  benefit-cost  ratio  of  i.g.  A  similar  comparison  for  the 
downstream  reach  improvements  indicates  a  favorable  2.7  benefit-cost 
ratio.  Average  annual  charges  of  $22,300  versus  related  average 
annual  benefits  of  $54,160  indicates  that  the  proposed  recreational 
facilities  are  justified.  A  comparison  of  all  project  costs  to¬ 
gether  with  related  benefits  indicates  that  the  entire  project  as 
a  whole  is  also  justified  as  shown  in  Table  F— 15-  A  comparison  of 
average  annual  benefits  and  costs  indicates  an  internal  rate  of  re¬ 
turn  of  about  12  percent  and  that  annual  project  benefits  would  ex¬ 
ceed  annual  project  costs  immediately  upon  completion  of  the  project. 

Table  F-15  -  Comparison  of  Average  Annual  Costs  and  Benefits 


Feature 

Total 

First 

Costs 

Average 

Annual 

Costs 

Average 

Annual 

Benefits 

Benefit 

Cost 

Ratio 

Upstream  Reach 

$1,674,800 

$124,620 

$221,730 

1.8 

Downstream  Reach 
protection 

386,000 

28,680 

76,970^ 

2.7 

Recreat ional 
facilities 

443,200 

34,290 

43,130 

1.3 

Total  Project 

*  2,504,000 

*187 ,590 

$341 ,830 

1.8 

Includes  $n,no 

,  flood  proof  cost  savings  benefit 
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SECTION  G 


RECREATION  RESOURCES 


AUTHORITY 


1.  Section  4  of  the  1944  Flood  Control  Act,  as  subsequently  amend¬ 
ed  by  Section  207  of  the  1962  Flood  Control  Act,  grants  the  Corps 
of  Engineers  general  permissive  authority  to  construct  recreation¬ 
al  developments  at  all  water  resource  developments  under  control 
of  the  Secretary  of  the  Army.  The  Federal  Water  Project  Recreation 
Act  of  1965  (P.L.  89-72)  established  development  of  the  recreation¬ 
al  potential  at  Federal  water  resource  projects  as  a  full  project 
purpose.  Corps  policy  (ER1 120-2-404)  establishes  guidelines  for 
cost  sharing  agreements  on  local  flood  control  projects  in 
keeping  with  the  principles  of  P.L.  89-72). 


PURPOSE 

2.  This  report  section  appraises  area  recreation  resources  and 
facilities,  provides  estimates  of  the  magnitude  of  existing  and 
projected  growth  of  public  use,  and  identifies  additional  needed 
resources.  It  also  displays  the  optimum  scale  of  initial  and  fu¬ 
ture  recreational  developments,  related  costs  and  benefits,  and 
location  and  extent  of  lands  to  be  acquired  for  public  use. 
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SCOPE 


3.  The  investigation  of  recreational  resource  needs  at  Marshall 
considered  geographically,  the  same  upstream  and  downstream  reaches 
of  the  flood  control  study  and  the  existing  diversion  channel  right- 
of-way.  Specific  elements  of  the  study  were  established  early  in 
project  efforts.  Specific  study  elements  investigated  included 

the  need  for: 

o  A  combined  bike-walking  and  a  cross-country  ski  trail  along  the  pro¬ 
posed  levee  alignments  or  river  corridor  commencing  at  the 
State  Highway  23  roadside  park  and  extending  downstream  via 
the  existing  diversion  channel  and  proposed  levee  works  to  the 
Highway  23  service  drive  north  of  the  college, 
o  Limited  picnicking  facilities  at  Justice  Park  in  conjunction 
with  the  proposed  levee  works. 

o  The  need  for  quiet  area  development  and  nature  education  areas. 

4.  Lands  quired  for  any  considered  recreational  developments 
would,  in  accordance  with  current  Federal  policy,  be  limited  to 
those  lands  acquired  for  the  existing  and  proposed  flood  control 
project  or  immediately  adjacent  lands  purchased  entirely  at  local 
expense  to  provide  access  to  considered  developments. 

5.  At  the  onset  of  this  study,  local  interests  indicated  a  need 
(See  Section  C- Improvements  Desired)  for  improvements  to  the  softball 
complex  located  on  existing  diversion  channel  right-of-way  just 
north  of  State  Highway  19.  However,  these  improvements  are  expected 
to  be  made  in  the  near  future  in  conjunction  with  contemplated 
modifications  to  the  ball  fields  to  accommodate  the  proposed  diversion 
channel  parkway  and  are  thus  not  considered  in  this  study. 
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h.  Required  base  resource  information  developed  for  the  flood  con¬ 
trol  study  is  also  sufficient  for  this  study  and  is  documented  in 
Section  B  of  the  appendix.  Local  interests  have  expressed  a  de¬ 
sire  and  willingness  to  participate  in  construction  of  the  needed 
recreational  facilities  as  indicated  in  a  resolution  (See  Appendix  11) 
passed  by  the  Marshall  City  Council  on  2  March  1979. 

7.  Background  information  used  in  this  analysis  included  results 
of  city-conducted  user  surveys;  numerous  discussions  with  the  city 
recreation  planner,  other  city  officials,  a  local  member  of  the 
(lovemor's  Trails  Advisory  Committee,  and  local  sporting  goods 
stores.  It  also  included  analysis  of  the  1974  State  Comprehensive 
Outdoor  Recreation  Plan  with  accompanying  "Projections  Methodology 
Report",  and  results  of  a  1974  user  survey  for  nearby  Camden  State 
Park. 


RECREATION  MARKET  AREA 


RECREATION  ZONE  OF  INFLUENCE 


8.  The  area  that  can  be  expected  to  contribute  80  percent  of  the  rec¬ 
reational  day  use  includes  the  City  of  Marshall  and  the  adjacent  one- 
half  of  each  of  the  surrounding  two  townships.  Only  one-half  of  the 
population  of  each  township  (the  half  adjacent  to  Marshall)  would  be 
expected  to  frequently  use  facilities  at  Marshall.  Residents  in  the  outer 
one-half  of  the  Townships  would  more  likely  use  the  closer  facilities 
at  Garvin  and  Camden  Parks.  This  contributing  area  would  exclude 
competing  day  use  at  Camden  State  Park,  8  miles  southwest  of  the  city, 
and  the  Garvin  County  Park,  located  12  miles  south  of  Marshall. 

This  investigation  indicates  that  some  of  the  present  recreational 
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Ijble  t;- 1  Population-  in  Zone  of  Influence 


City  of  Marshal  1 
ha i rview  lownsh ip 
Lake  Marshall  Township 

Total 


Populat ion 

9,886 

300 

379-/ 

10,565 


-1970  U.S.  Census  statistics 

>  / 

-One-half  of  Township  population. 


9.  Although  the  southwest  region  of  Minnesota  is  expected  to  ex¬ 
perience  a  continuing  population  decline,  Marshall  is  expected  to 
grow  but  at  a  declining  rate.  Future  growth  at  Marshall  is  most 
probably  due  to  the  City's  strong  position  as  the  regional  retail 
trade  and  farm  service  center.  The  presence  of  the  Southwest  State 
college,  expanded  air  service  facilities,  and  new  shopping  centers 
are  all  expected  to  maintain  Marshall's  positive  growth  posture  in 
relation  to  the  rest  of  the  region.  The  two  contributing  Townships 
arc  expected  to  incur  continuing  population  losses,  due  either  to 
migration  to  Marshall  or  annexation  by  Marshall.  In  either  case, 
the  contributing  day  use  population  would  remain  about  the  same. 
Projected  population  within  the  zone  of  influence  is  shown  on  table 
0-2. 


lable  0-2  -  Projected  Population  within  Zone  of  Influence 


A  rca 

1980 

2000 

2030 

Marshal  1 

11,856 

15,436 

20,375 

Fa i rview  Township 

325 

300 

275 

Lake  Marshall  Township 

350 

325 

300 

Total 

12,531 

16,001 

20,950 

-^Minnesota  Department  of  Health, 

et  el. 
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RECREATION  DEMAND 


10.  The  enjoyment  of  leisure  time  always  has  been  and  continues  to 
be  an  important  activity  at  Marshall.  To  help  meet  the  needs  of 
this  continuing  activity,  the  City  and  Lyon  County  have  developed 

a  system  of  attractive  existing  parks  and  other  recreational  facil¬ 
ities.  However,  these  facilities  fall  far  short  of  meeting 
current  demands  for  some  area  activities,  such  as  bicycling,  picnick¬ 
ing  and  cross-country  skiing.  Camden  State  Park,  8  miles  southwest 
of  Marshall  is  the  only  regional  state  park  convenient  to  Marshall. 

11.  existing  recreational  facilities  in  the  Marshall  area  are  shown 
on  plates  (1-1  and  G-2.  Supporting  data  on  the  capacity  of  existing 
facilities  in  the  market  area  is  presented  in  table  G-7  entitled 
"existing  facilities  Serving  Market  Area:.  An  increasing  shortage 
of  needed  recreational  facilities  is  particularly  true  at  Marshall 
which  is  increasing  in  population  while  other  areas  in  the  region 
are  losing  people.  Activities  and  related  facility  needs  consider¬ 
ed  for  analysis  were  selected  based  on  known  project  resource  capac¬ 
ities  and  identified  market  area  needs  as  determined  and  documented  by 
the  contractor.  A  detailed  discussion  of  the  demand  for  area  recre¬ 
ational  activities  is  presented  in  the  following  paragraphs. 

12.  Bicycling  is  an  increasing  area  activity  as  indicated  by  limit¬ 
ed  registration  data  and  sales  information.  Current  traffic,  both 
functional  and  recreational,  must  use  moderate  to  heavily  travelled 
streets  with  a  potential  for  auto-bicycling  accidents.  The  City  is 
presently  planning  a  circumferential  recreational  bike  trail  system 
which  would,  in  part,  traverse  the  existing  diversion  channel  right - 
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of -way  and  proposed  levee  works.  This  sytem  would  divert  much  of 
the  recreational  traffic  off  auto  lanes.  A  portion  of  the 
city  bike  trail  system  along  the  diversion  channel  between  CSAH  7 
and  State  Highway  19  is  expected  to  be  completed  prior  to  construction 
of  any  authorized  project-related  recreational  improvements. 


13.  Picnicking,  popular  most  everywhere,  is  increasing  at  all  parks 
in  the  city.  Present  group  picnicking  facilities  at  Legion  Park 
(plate  G- 1)  are  used  on  a  reservation  basis  to  permit  optimum  use. 

Only  very  limited  facilities  are  available  for  northeast  Marshall 
residents  at  Justic  Park  (plate  G-2).  The  City  desires  further 
expansion  of  picnic  facilities,  quiet  areas,  play  lots,  etc.  at  this 
park.  A  summary  of  existing  recreation  facilities  is  shown  on  Table  G-3. 

14.  The  recognition  of  natural  resources  and  aesthetic  values  is 
translated  into  an  increasing  nature  walk  activity.  Presently  lim¬ 
ited  by  inadequate  public  access  to  the  river  corridor,  this  activ¬ 
ity  would  be  participated  in  by  both  the  casual  observer  and  organ¬ 
ized  school  education  groups.  Local  interest  indicates  that  area 
high  school  students  involved  in  nature  education  and  ecology  classes 
must  travel  to  other  regional  parks  for  field  research  activities 
with  time  consuming  travel  involved.  This  activity,  as  indicated, 
would  most  likely  utilize  local  facilities,  if  provided. 

15.  Similarly,  the  demand  for  pleasure  walking  or  pedestrian  sight¬ 
seeing  is  enjoying  an  increase.  Again,  however,  the  availability 
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Table  0-3  -  Existing  Recreation  Facilities  at  Marshall 


of  public  access  to  the  river  setting  is  restricted.  A  contin¬ 
uous  trail  along  the  river  corridor  at  Marshall  would  offer  vast¬ 
ly  increased  visual-hiking  opportunities. 

16.  Although  no  documented  data  is  available,  bird  watching  along 
the  river  is  significant  at  Marshall.  The  annual  visitation  of 
transient  waterfowl  provides  the  most  important  present  focus  for 
this  activity.  Two  state-noted  ornithologists  provide  guidance 
and  field  leadership  in  this  area  activity.  Local  interests  again 
indicate  that  public  access  to  wooded  songbird  habitat  and  other 
areas  restricts  this  activity.  A  companion  activity,  wildlife 
photography,  though  not  a  major  activity,  is  enjoyed  by  the  bird 
watchers,  plant  and  animal  researchers  and  others.  Again,  the  de¬ 
mand  for  improved  access  to  conducive  habitat  is  indicated. 

17.  Local  sales  figures  indicate  that  the  sales  of  cross-country 
skis  have  increased  75  fold  at  Marshall  in  the  last  five  years. 

With  no  designated  or  improved  trails,  local  enthusiasts  must  make 
use  of  open  hospital,  cemetery,  and  school  grounds.  With  increas¬ 
ing  demands  for  informal  and  weekend  tour  group  use,  the  City  desires 
an  improved  ski  trail  in  conjunction  with  a  biking  trail  if  possible. 

18.  Other  recognized  recreational  activities  and  related  resource 
problems  includes  a  minimal  springtime  canoeing  activity.  Canoeing 
needs  generally  relate  to  the  lack  of  convenient  accesses. 

19.  In  support  of  local  trends,  the  Minnesota  State  Comprehensive 
Outdoor  Recreation  Plan  (SCORP)  indicates  a  continued  demand  for 
regional  (region  8)  recreational  facilities  as  shown  on  table  G-4. 
Facility  needs  for  picnicking  are  projected  to  increase  about 

8  percent  between  years  1975  and  1990.  A  statewide  1990  increase 
of  32  percent  is  projected  for  pleasure  walking. 
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Tabic  G-4  -  Projected  Region  8  Facility  Needs  (SCORP-1974) 


Activity 

Unit 

1975 

1980 

1990 

B leyc 1 i ng 

Miles 

1/ 

1/ 

V 

Picnicking 

No.  of 
tables 

2/  3/ 

1188  (-216)  1280  (-308) 

1287  (-315) 

Canoe ing 

St  ream 
Mi  1  es 

i8  (+58) 

44  ( +52) 

51  (+45) 

] J  No  SCORP 

facility 

requirements 

for  bicycling. 

2/  Projected  facility  requirements. 

3/  Projected  surplus  or  deficiency  of  facilities  as  compared  to 
1972  SCORP  base  conditions  (  +  denotes  surplus) 
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DETERMINATION  OF  OUTDOOR 
RECREATIONAL  ATTENDANCE 

PER  CAPITA  PARTICIPATION  RATES 


20.  The  following  paragraphs  present  a  discussion  of  the  metho¬ 
dology  used  to  determine  per  capita  participation  rates  for  expected 
activities  and  the  assumptions  made  to  adjust  the  regional  rates  to 
reflect  local  conditions  in  the  study  area.  Also  discussed  is  the 
expected  annual  participation  for  the  various  activities  as  measured 
in  visitor  days  for  the  years  1980,  2000  and  2030. 

21.  Per  capita  participation  rates  developed  for  the  recreational 
activities  expected  at  the  project  reflect  the  limited  marked  aiea, 
short  travel  distances  involved,  and  mix  of  opportunities  provided. 
In  the  absence  of  documented  local  user  data,  the  rates  displayed  in 
table  G-S  were  determined  from  discussions  with  the  City  recreation 
director  and  other  interests  knowledgeable  on  local  day  use  charac¬ 
teristics,  an  analysis  of  rates  provided  in  the  SCORP,  and  a  review 
of  the  Bureau  of  Outdoor  Recreation's  1969  participation  rates  pub¬ 
lished  for  the  West  North  Central  Region.  Major  departures  from  the 
SCORP  rates  were  reductions  in  rates  for  bicycling, 

walking  for  pleasure,  and  canoeing.  Rates  for  cross-country  skiing 
were  derived  from  an  analysis  of  the  local  activity  without  the  ben¬ 
efit  of  comparative  values  from  other  sources. 

ASSUMPTIONS  AFFECTING  DEVELOPMENT  OF 
LOCAL  PARTICIPATION  RATES 


22.  The  present  and  projected  participation  in  area  bicycling  can 
be  expected  to  follow  the  state  trend  of  an  increasing  rate  of  adult 
use  with  a  declining  rate  of  increase  for  sub-adult  use.  Local 
bicycle  retail  outlets  confirm  this  observation  via  the  recent  and 
continuing  increase  in  new  and  used  bikes  to  area  adults.  Although 
widely  popular  for  both  functional  and  recreational  use,  the  extent 
of  local  participation  is  expected  to  be  inhibited  for  some  time  to 
cose  due  to  the  limited  availability  of  separate  and  safe  bikeways. 
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'5.  Local  participation  in  walking  for  pleasure  in  the  project  area 
is  not  expected  to  equal  the  state  average.  While  a  significant 
activity,  it  is  not  expected  to  reach  the  status  of  a  similar  recrea¬ 
tion  experience  enjoyed  --  say  in  walling  through  a  continuous  devel¬ 
oped  parkway  or  greenbelt  area.  A  1980  value  for  this  local  activity 
would  appear  to  be  about  one-half  of  the  statewide  figure  of  10.0. 


’4.  Increasing  local  participation  in  cross-country  skiing  is  evi¬ 
dent  by  the  75-fold  increase  in  ski  sales  over  the  last  5  years. 
Local  enthusiasts  estimate  the  extent  of  this  activity  to  be  at 
least  equal  to  the  recreational  bicycling  activity.  Lower  than 
SLURP  rates  for  the  local  canoeing  activity  are  indicated  due  to 
the  relatively  short  six-week  duration  and  fairly  unique  nature  of 
this  spring  high  water  activity  which  appeals  to  a  limited  sector 
of  the  population. 

25.  All  of  the  activities  are  expected  to  experience  some  increase 
in  rates  of  participation  as  shown  in  Table  G-5.  With  minor  excep¬ 
tions,  these  projected  increases  are  generally  expected  to  follow 
statewide  trends  to  year  2000.  Projected  rates  for  year  2030  gener¬ 
ally  represent  a  declining  rate  of  increase  after  year  2000,  or  in 
a  few  instances,  a  straight-line  projection  of  the  1990-2000  rate 
of  increase. 
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Estimated  Rates  SCORP  Rates  . 

for  Market  Area  for  Region  8— 

Activity  1980  2000  2030  1980  1990 

Bicycl ing 

Picnicking 
Nature  walks 
Walking  for  pleasure 
Bird  watching 
Wildlife  photography 
Cross-country  skiing 
Canoeing 

— ^No  SCORP  rates  available  for  year  2000  and  2030. 

-/.No  SCORP  rates  (1974  report)  for  these  activities. 

INITIAL  AND  PROJECTED  ATTENDANCE 

26.  Total  potential  annual  participation  in  each  of  the  given  activi 
ties  is  obtained  by  multiplication  of  the  established  participation 
rates  by  the  market  area  population.  Annual  attendance  expressed  in 
annual  activity  occasions  and  visitor  days  for  years  1980,  2000,  and 
2030  is  given  in  table  G-6. 


20.0 

24.4 

27.1 

48.0 

54.3 

5.7 

6.9 

8.7 

5.7 

6.3 

1.0 

1.08 

1.21 

2/ 

2/ 

5.0 

5.8 

6.2 

10.0 

11.0 

1.10 

1.28 

1.32 

2/ 

2/ 

0.19 

0.25 

0.34 

2/ 

2/ 

1.8 

2.2 

2.6 

2/ 

1/ 

0.20 

0.22 

0.29 

0.86 

1.04 

Appendix  I 
G-13 


t 


LAND  AND  FACILITY  REQUIREMENTS 


GENERAL 

27.  The  determination  of  land  and  facility  needs  to  meet  present 
and  projected  usage  is  obtained  as  the  difference  between  needs 
determined  via  a  design-day  load-facility  load  criteria  analysis 
and  suitable  existing  facilities. 

FACILITY  LOAD  CRITERIA 

28.  facility  load  criteria  for  the  considered  recreational  re¬ 
source  needs  is  based  on  the  maximum  use  rate  which  will  still 
permit  a  relaxing  and  pleasing  experience.  Specific  criteria 
are  based  on  accepted  industry  and  governmental  planning  stan¬ 
dards  as  available.  Others,  such  as  for  cross-country  skiing 
were  based  upon  an  examination  of  the  potential  resource  capa¬ 
bility  such  as  trail  length,  governing  grades,  ingress  and  egress, 
and  shelter.  No  criteria  is  established  for  bird  watching  and 
wildlife  photography  since  spatial  demands  for  these  activities 
can  be  reflected  in  walking  trail  criteria.  Only  limited  needs 
for  additional  canoeing  stream  miles  are  indicated  for  the  project 
area.  However,  the  lack  of  an  improved  canoe  access  at  or  near  the 
un-supervised  roadside  park  results  in  continued  safety  hazard  for 
persons  landing  or  launching  canoes  at  the  steep  river  banks. 

These  potential  threats  to  public  safety  are  even  more  acute  dur¬ 
ing  the  most  favorable  spring  high  water  canoeing  period.  Facil¬ 
ity  load  criteria  for  selected  activities  is  given  in  table  G-7. 
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DESIGN  DAY  LOAD 


29.  lo  convert  total  visitation  to  required  facilities,  the  follow¬ 
ing  formula  was  used  to  compute  the  design  day  load  as  peak  weekend 
day  use  for  each  activity. 


t 


— _ — - d  where  1. 

( 2 . sw  1 


d 


dew ign  Jay  load 

seasonal  attendance  expressed  as  a  percent 
of  total  annual  attendance 
number  of  weeks  in  normal  recreation  season 
weekend  day  use  as  a  percent  of  weekly  use 
factor  used  to  convert  annual  activity  occa¬ 
sions  to  annual  recreation  days. 


:  . ist  rate  the  use  of  this  relationship,  the  following  computa- 
is  shown  for  expected  1980  design  picnicking  day  use  in  visitor 


.ia>  s  . 

a  0.SO-  x  "1,42"  s  S" ,  1 42 
J  =  0.3- 


w  =  13 


',142 
5  x  13 


52" 


-■  I’ercentage  equals  seasonal  use  divided  by  total  annual  use. 

">  ' 

-Percentage  equals  design  Sunday  use  divided  by  total  week  use. 


Similar  computations  for  projected  years  2000  and  2030  give  design 
day  use  values  of  818  and  1346  respectively.  Design  day  use  values 
for  all  activities  arc  also  given  in  table  G-7. 

REQUIRED  FACILITIES 


30.  Applying  the  facility  load  criteria  to  the  computed  market 
area  design  day  use  values  provides  the  total  number  or  extent  of 
required  facilities.  Required  facilities  for  bicycling,  picnicking, 
nature  walks,  walking  for  pleasure,  cross-country  skiing,  and 
canoeing  are  given  in  table  G-7. 
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PROPOSED  RECREATIONAL  IMPROVEMENTS 

DESCRIPTION 

31.  The  proposed  recreation  improvements  as  shown  on  Plates  G-l 
and  G-2  would  generally  consist  of  a  S.2  mile  long  by  8-foot  wide 
paved  biking-walking  trail  including  trail  head  facilities,  a 
rest  stop  and  benches;  a  S.7  mile  long  cross-country  ski  trail;  and 
limited  picnic  facilities  at  the  softball  complex  and  on  project 
lands  at  Justice  Park.  Local  improvements  to  provide  a  continuous 
trail  system  would  include  a  0.6  mile  section  of  bike-walking 
trail  between  CSAH  7  and  State  Highway  19  (See  Plate  G-l)  and  a 
0.3  mile  section  of  both  bike-walking  trail  and  cross-country  ski 
trail  extending  westward  from  County  Highway  67  as  shown  on  Plate  G-2. 
The  0.6  mile  bike-walking  trail  is  currently  in  the  planning  stages 
and  is  expected  to  be  completed  prior  to  any  authorized  federally 
cost-shared  improvements.  The  0.3  mile  section  of  trail  upstream  of 
County  Highway  67  would  be  constructed  by  local  interests  on 
non-project  lands  adjacent  to  the  proposed  parkway  at  the  time  of 
construction  of  any  authorized  recreational  improvements. 


32.  The  proposed  bike-walking  trail  would  extend  from  the  eastern 
terminus  of  the  downstream  reach  levee  (Plate  G-2)  upstream  along  the 
existing  diversion  channel  to  the  CSAH  7  bridge  (Plate  G-l)  and  provide  a 
much  needed  facility,  largely  free  of  conflicts  with  motorized  ve¬ 
hicles.  The  trail  would  offer  a  variety  of  visual  and  other  sen¬ 
sory  experiences.  These  experiences  would  occur  in  an  open  prairie 
environment  --  unprotected  from  the  elements,  a  linear  "closed  in" 
environment,  and  possibly  in  the  future  with  an  upstream  extension, 
a  natural  wooded  -  st reams ide  environment.  Although  much  of  the 
proposed  trail  would  be  nearly  flat,  a  number  of  slopes  to  seven 
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and  one-half  percent  would  challenge  the  bike  rider  as  well  as  the 
pleasure  walker.  A  rest  area  is  proposed  as  part  of  the  improve¬ 
ments  at  the  playfield  facilities  north  of  U.S.  Highway  19.  The 
proposed  trail  would  be  hard  surfaced  with  a  bituminous  mat.  Ty¬ 
pical  sections  showing  how  the  trail  would  relate  to  the  levees, 
the  diversion  channel,  etc.  are  given  on  plate  G-3. 

33.  Trail  head  facilities  would  be  located  at  each  end  of  the 
trail  system.  A  trail  head  with  drinking  water,  toilet  facilities, 
bike  racks,  and  parking  area  would  be  located  at  the  eastern  or 
downstream  trail  terminus  at  the  service  drive  adjacent  to  State 
Highway  23  (See  plate  G-2J .  Pedestrian  or  bike  access  to  these  facilities 
would  be  provided  by  an  8-foot  wide  gravel  trail  from  the  college  area 
and  which  would  be  constructed  at  local  expense.  Existing  park 
facilities  would  satisfy  similar  trail-end  needs  at  the  upstream 
terminus  of  trail  system  at  the  Highway  23  wayside  park  as  shown  on 
Plate  G-l.  Also  included  as  part  of  the  trail  facilities  would  be 

a  rest  stop  with  a  shelter,  toilet,  and  drinking  facilities,  and 
benches  as  illustrated  in  Sketch  I  on  Plate  G-3. 

34.  The  trail  system  along  the  existing  diversion  channel  right-of- 
way  would  pass  over  or  under  four  highway  and  three  railroad  bridges 
as  dictated  by  available  clearance.  Timber  retaining  walls  would  be 
used  to  retain  diversion  channel  side  slopes  along  trail  crossings 
under  bridges.  A  typical  trail  crossing  incised  into  the  diversion 
channel  side  slope  is  illustrated  on  Section  B-B  of  Plate  G-3. 

Where  bridge  clearances  are  inadequate,  marking  signs  would  be 
provided  at  the  two-street  level  trail  crossings  required. 

35.  Upstream  of  CSAH,  the  proposed  trail  system  would  traverse 
project  lands  to  be  acquired  for  floodway  purposes.  Two  8-foot  wide 
timber  bridges  would  be  provided  in  this  reach  as  shown  on  Plate  G-l. 

An  illustration  of  a  proposed  typical  bridge  is  given  in  Sketch  3 

of  Plate  G-3. 
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36.  The  cross-country  ski  trail  generally  would  follow  the  align¬ 
ment  of  the  bike-walking  trail  except  that  it  may  freely  transgress 
the  invert  of  the  diversion  channel  whereas  the  bike-walking  trail 
could  not.  The  ski  trail,  therefore,  would  generally  occur  on  the 
north  and  west  side  of  the  diversion  channel  and  traverse  proposed 
wooded  areas.  These  new  wooded  areas  would  provide  protection  from 
wind  as  well  as  improve  and  preserve  snow  cover.  The  relationship 
between  the  ski  trail  and  the  bike-walking  trail  is  illustrated 

on  plate  G-3. 

37.  Limited  picnic  facilities  are  proposed  as  part  of  the 
improvements  on  project  lands  at  Justice  Park  and  at  the  outdoor 
games  area  located  north  of  U.S.  Highway  19.  It  is  anticipated  that 
the  proposed  limited  picnic  facilities  at  the  softball  complex 

rest  stop  would  serve  both  trail  users,  softball  players  and  spectators. 
A  sketch  showing  possible  arrangements  of  these  latter  facilities 
is  shown  on  plate  G-3. 

38.  Planting  improvements  are  also  included  as  part  of  the  proposed 
development  for  the  west  and  north  side  of  the  diversion  channel 

and  the  rest  area  at  the  outdoor  games  area  north  of  U.S.  Highway  19. 

A  very  high  priority  should  be  assigned  these  improvements  for 
reason  described  earlier  and  perhaps  more  importantly,  to  upgrade 
the  general  character  of  the  recreational  area. 

39.  A  future  rest  area  and  picnic  facilities  desired  by  the  connunity 
at  Justice  Park,  which  would  complement  the  proposed  trail  systems, 
might  include  additional  picnicking  equipment,  nature  trails  and 
quiet  area  development,  added  child  play  area,  tree  and  shrub 
planting,  toilet  and  drinking  water  facilities,  and  hard  surface 
parking  area.  Local  planning  efforts  for  these  facilities  which 

would  be  provided  by  the  City  at  its  own  expense  are  currently  underway. 
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40.  A  substantial  area  for  nature  walks,  bird  watching  and  wildlife 
photography  is  located  between  the  Minnesota  Highway  Department's 
Highway  23  wayside  park  and  CSAH  7.  Use  of  this  area  would  be  compatible 
with  the  proposed  use  of  the  area  as  a  designated  floodway.  Nature 
trails  that  would  link  to  the  biking  trail  would  be  located  in  the 
future  by  local  interests  within  the  area  after  careful  field  study. 

41.  Implementation  of  the  proposed  recreational  improvements  would 
provide  facilities  which  are  generally  unavailable  within  the  Mar¬ 
shall  service  area  at  the  present  time.  They  could  be  provided  at 
a  moderate  cost  by  utilization  of  the  existing  and  proposed  flood 
control  facilities  for  location  of  these  improvements. 


AREA  MANAGEMENT  CONCERNS 


42.  A  potential  management  problem  could  be  the  unauthorized  use  of 
motorized  vehicles  on  the  trail.  The  project  sponsor  would  be  expected 
to  prohibit  access  to  motorized  vehicles.  Vertical  timber  or  other 
suitable  barriers  would  be  provided  at  trail  access  points  to  bar 

the  use  of  these  vehicles.  Although  some  occasional  conflicts  may 
occur,  the  simultaneous  trail  use  by  bicyclists,  wheelchair  patients, 
and  pedestrians  along  some  segments  is  considered  manageable.  Occasional 
rest  and  widened  areas  on  the  trail  would  help  maintain  a  suitable 
balance  of  activities  on  the  trail.  Skiing  on  the  bicycle  trail  is 
not  provided  for  nor  encouraged  due  to  the  hard  paved  surface  and 
expected  lack  of  continuous  snow  cover  on  the  levee  crown. 

43.  Also  of  some  local  concern  is  the  close  proximity  of  the  proposed 
trails  to  nearby  residences  immediately  upstream  of  CSAH  7.  Chain-link 

fencing  and  screen  plantings  would  be  provided  to  screen  the  trail  from 
view  and  prohibit  indiscriminate  entry  on  non-project  lands. 
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CAPABILITY  OF  PROJECT  TO  SATISFY  EXCESS  DEMAND 


44.  Construction  of  the  proposed  facilities  would  satisfy  part  or  in 
some  cases  all  of  the  projected  demand  within  the  market  area.  Results 
of  an  analysis  of  project-related  capability  is  given  in  table  G-8. 

DETERMINATION  OF  RECREATION  BENEFITS 


GENERAL 


45.  The  derivation  of  project  recreation  benefits  is  dependent  on 
actual  project-related  use,  the  extent  of  facilities  which  can  be 
accommodated  with  the  proposed  flood  damage  reduction  measures 
and  application  of  a  dollar  unit  recreation  day  value  to  the  average 
annual  recreation  day  value.  Total  recreation  day  use  is  discounted 
over  a  50-year  project  life  at  a  6  7/8  percent  interest  rate.— ^ 

project-related  use 


A  potential  management  problem  could  be  the  unauthorized 
use  of  motorized  vehicles  on  the  trail.  The  project  sponsor  would 
be  expected  to  prohibit  access  to  motorized  vehicles.  Although 
some  occasional  conflicts  may  occur,  the  simultaneous  trail  use  by 
bicyclists,  wheelchair  patients,  anu  pedestrians  along  some  seg¬ 
ments  is  considered  manageable.  Occasional  rest  and  widened  areas 
on  the  trail  would  help  maintain  a  suitable  balance  of  activities 
on  the  trail.  Skiing  on  the  bicycle  trail  is  not  provided  for  nor 
encouraged  due  to  the  hard  paved  surface  and  expected  lack  of  con¬ 
tinuous  snow  cover  on  the  levee  crown. 
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Table  G-9  -  Estimated  Actual  Project-Related  Recreational  Use 


Estimated  Maximum 
Project  Capacity 
as  a  Percent  of 

Total  Use 

Estimated  Actual 
Project  Use  as  a 
Percent  of  Total 
Demand 

Activity 

1980 

2000 

2030 

1980  2000 

2030 

Bicyc 1 ing 

46 

30 

21 

20 

20 

20 

Picnicking 

15 

10 

6 

10 

10 

6 

Nature  walks 

87 

63 

43 

20 

20 

20 

Walking  for  pleasure 

53 

36 

26 

10 

10 

10 

Bird  watching 

- 

- 

20 

20 

20 

Wildlife  photography 

- 

- 

- 

15 

15 

15 

Cross-country  skiing 

83 

186 

117 

25 

25 

25 

Canoeing 

“ 

_ 

~ 

0 

3 

3 

47.  What  table  G-9  indicates. 

say  for  bicycling, 

is  that 

while 

the 

proposed  trail  could  accommodate  46  percent  of  the  total  1980 
market  area  demand  (72  percent  of  the  1980  demand  including  existing 
facilities),  it  is  unlikely  that  this  level  of  actual  utilization 
would  be  reached.  As  indicated,  for  reasons  of  constraints  dis¬ 
cussed  previously  a  more  realistic  estimate  of  project  utilization 
would  be  about  20  percent.  Particularly,  as  in  the  case  of  pleasure 
walking,,  the  actual  estimates  attempt  to  account  for  the  unestimated 
available  quantities  of  less  desirable  present  facilities  which  are 
available . 
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48.  As  evident  in  the  table,  some  project-related  use  for  nature  walks 
walking  for  pleasure,  bird  watching,  and  wildlife  photography  can  be 
expected  generally  as  the  result  of  improved  public  access  to  the 
riverine  corridor.  Adjusted  project-related  recreational  use  in 
total  activity  occasions  based  on  proposed  facility  capacity  and 
estimated  use  is  given  in  Table  G-10. 
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lablc  G-10  -  Adjusted  Project-Related  Recreational  Use 


Act i vity 


Per-  1980 _  Per¬ 
cent  Adjusted  cent 

Effi-j  .  Activity  ,,  Effi¬ 
cient—  Occasions—  cient 


2000  Per- 
Adjusted  cent 
Activity  _  .Effi- 
Occas ions—  cient 


2030 

Adjusted 
Activity  .. 
Occasions— 


Bicycling  20 

50,124 

20 

78,278 

20 

113,549 

Picnicking  10 

7,140 

10 

11,082 

6 

18,226 

Nature  walks  20 

2,506 

20 

3,469 

20 

5,070 

Balking  for 
pleasure  10 

6,265 

10 

9,315 

10 

12,989 

Pjird  watching20 

2,757 

20 

4,117 

20 

5,531 

l'  i ldl  ife 
photography  15 

357 

15 

602 

15 

1,068 

'  ross-country 
skiing  25 

5,639 

25 

8,833 

25 

13,617 

Canoeing  0 

0 

3— 7 

106 

3 

182 

Total  Adjusted 
Activity  Occa¬ 
sions 

Recreation  days-^7 

74,788 

29,915 

115,902 

46,360 

175,232 

70,093 

—^Estimated  percent  of  peak  day  use  that  proposed  facilities  would 
satisfy  as  given  in  Table  G-9. 

•^Adjusted  activity  occasions  =*  Activity  Occasions  (table  G-6  x 

Percent  Effective  (project-related). 

-7Only  minor  use  attributed  to  improved  river  access  in  future  years. 

-^Recreation  days  »  Activity  Occasions  »  2.5  (average  number  of  activity 
occasions  per  recreation-day). 

49.  The  growth  of  recreation  day  use  at  the  proposed  project  rec¬ 
reation  facilities  is  shown  graphically  on  figure  G-l.  Also  shown 
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is  expected  attendance  three  years  after  construction  of  the  recre¬ 
ation  features.  The  following  methodology  was  used  to  compute 
average  annual  recreation  day  use.  Specific  area  designations 
correspond  to  those  shown  on  figure  G-l. 


Area  A 

Rate  of  increase  per  year  (32,511  +  3) 

Value  of  increasing  annuity  for  3  years  4  6-7/8% 
Interest  and  amortization  over  50  years 


=  10,837 
=  5.144 

=  0.07132 


Ave.  ann.  recreation  days  =  (10,837)  (5,172)  (0.07132)  =  3,997 


Area  B 

Constant  value  of  32,511  over  47  years 

Value  of  constant  amortization  of  $1  for  47  years 

Present  worth  of  $1  -  3  years  hence 

Interest  and  amortization  over  50  years 


=  32,511 
=  13.9064 
=  .8192 

=  .07132 


Ave.  Ann.  Recreation  days  =  (32,5ll)  (13.9064)  (0.8192) 

x  (0.07132)  -  26,415 


Area  C 

(See  Area  A  procedure).  Rate  of  Increase  =  46360  -  32,S11  _ 

17  years 

Ave.  ann.  recreation  days  =  (815)  (73,2453)  (0.8192) 

x  (0.07132)  *  3,485 

Area  D 

(See  Area  B  procedure) 

Ave.  Ann.  recreation  days  *  (13,849)  (12.5665)  (0.2645) 

x  (0.07132)  -  3,285 
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Area  I: 

(See  Area  A  procedure) 

Ave.  ann.  recreation  days  *  (791)  (135,982)  (0.2645) 

x  (0.07132)  *=  2 

Total  Average  Annual  Recreation  Days  *  39 
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ESTIMATE  OF  RECREATION  BENEFITS 


Si1.  I  1h  I  .  -  rt.it  it  Ki-iouii.es  i  i-unci  I  has  established  that  unit 
dollai  i.ih.--  tut  reireation.il  experiences  similar  to  those  ex¬ 
pected  at  Uirih.il!  range  from  Jo.'S  to  $2.Jf>  per  recreation  day. 
kt-vogni ;  mg  that  i  suitable  value  is  based  on  factors  such  as 
user  will  ingnen  t  -  pa\  ,  legree  of  opportunities  provided,  and  the 
extent  of  development,  a  le.nonahle  user  dav  value  for  activities 
at  Marshall  i  ■>  con-iJeted  t  be  about  SI. 10.  Multiplying  average 
annual  recreat  i  -n  .la. ••  >-t  W .  1.'  bv  t  >, . »  unit  benefit  value  gives 
average  annual  lecreat'.'t  benefits  . .  i  >4S  ,  1  SO. 


COORDINATION 


‘  '  tive  part,  .pant-  i  agencies  and  interests  providing  im- 

;  a.  t  ’  tn<  U-.  u-.it  ii'ii  -tud>  included  the  following: 


•t.  atu  ’a  ;>ep  tt  tment  of  Natural  Resources  -  Bureau  of  Hnv i ronment- 

al  Planning  and  Pro¬ 
tect  ion 

Division  of  Parks  and 
Rccreat ion 


Minnesota  Department  of  Health 

City  of  Marshall  -  City  engineer’s  Office 

Department  of  Parks  and  Recreation 

Member,  Governor’s  Trails  Advisory  Committee 
Local  sporting  goods  retail  outlets. 
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52.  Review  and  comment  on  this  study  element  was  also  provided 
by  the  Federal,  state,  and  local  agencies  listed  in  section  A  of 
this  technical  report.  Late-stage  meetings  to  discuss  the  proposed 
recreation  facilities  were  held  with  City  officials 
on  2  March  1978  and  2  April  1979.  Based  on  these  discussions, 
major  changes,  including  addition  of  trail  head  facilities  at  the 
downstream  end  of  the  trail  and  the  deletion  of  0.6  miles  of  proposed 
hike  trail  between  CSAJI  and  State  Highway  19  were  made  to  the 
proposed  recreation  facility  plan. 


IDENTIFICATION  OF  SPECIAL  PROBLEMS 


53.  There  is  little  potential  for  encroachment  on  proposed  project 
areas  because  of  the  proposed  levee  project  which  should  prevent 
further  development  of  the  presently  undeveloped  river  corridor. 

Proposed  facilities  located  within  the  existing  diversion  channel 
right-of-way  would  also  be  spared  interim  or  future  encroachment 

as  this  city-owned  right-of-way  is  reserved  for  flood  control  and 
commensurate  purposes  only. 

54.  The  City  of  Marshall  is  presently  planning  a  parkway  (FAU  5764) 
along  a  portion  of  the  diversion  channel  right-of-way.  Maximum  vehicle 
speeds  on  this  route  would  be  posted  at  40  mph.  Designs  for  this 
highway  in  the  vicinity  of  the  softball  complex  would  necessarily  include 
provisions  for  bicycle  access  from  the  trail  system  to  the  proposed 

rest  stop.  This  parkway  crossing  could  be  accomplished  with  either  an 
overhead  or  underground  trail  crossing.  Because  of  the  uncertain 
timing  of  the  considered  parkway  at  this  time,  development  of  designs 
for  this  crossing  would  be  accomplished  in  post-authorization  studies. 
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55 .  Gentle  grades  at  trail  access  points  and  other  features  such  as 
widened  rest  and  passing  areas  and  highly  visible  signs  at  two  street 
level  crossings  would  provide  for  wheelchair  use  and  the  elderly  in 
conformance  with  existing  city  and  college  programs  and  facilities 
for  these  users.  A  few  short  trail  segments  along  the  diversion 

channel  would  traverse  the  channel  slope  at  gentle  grades  under  two 
highway  bridges  and  three  railroad  bridges  to  avoid  busy  street 

and  rail  crossings. 


5b.  No  conflicts  with  other  agency  programs  are  expected  as  the 
proposed  facilities  would  complement  and  be  in  concert  with  the 
City's  flood  control  and  recreational  program. 


MANAGEMENT  AND  COST  SHARING 


CORPS  RESPONSIBILITY 

57.  Section  4  of  the  Flood  Control  Act  of  1544  (16  U.S.C.  460d), 
as  amended  by  Section  207  of  the  Flood  Control  Act  of  1962,  grants 
general  permissive  authority  to  construct  recreational  developments 
at  all  water  resource  developments The  Federal  Water  Project  Rec¬ 
reation  Act  of  1965  (PL  89-72)  modifies  section  4  authority  by  im¬ 
posing  requirements  of  non-Federal  cooperation  and  cost  sharing  for 
recreation  and  fish  and  wildlife  enhancement  at  projects  authorized 
after  1  January  1965.  This  law  requires  matching  local  participation 
in  terms  of  money  and/or  lands  that  will  equal  the  Federal  share.  In 
this  instance,  if  the  local  interests  are  not  financially  capable 
of  participating,  no  Federal  recreational  development  will  be 
provided.  Corps  policy  (ER1120-2-404)  establishes  guidelines  for 
cost  sharing  agreements  on  local  flood  control  projects  in  keeping 
with  the  principles  of  PL89-72. 
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NON-FEDERAL  RESPONSIBILITIES 


58.  The  City  of  Marshall  must  provide  all  lands  required  for  de¬ 
velopment  and  control  of  the  proposed  public  use  areas.  Present 
policy  indicates  that  lands  are  not  eligible  for  credit  towards 
the  non-Federal  sponsor's  share  of  recreation  development  costs. 


59.  Of  the  proposed  facilities,  the  Federal  government  would  pro¬ 
vide  one-half  the  cost  of  all  features  except  for  lands  required 
for  trail  development.  The  City  would  operate,  maintain,  and  re¬ 
place  without  expense  to  the  Federal  Government  the  recreational 
areas  and  all  installed  facilities.  If  long-term  repayment  is 
elected,  however,  all  costs,  including  interest,  must  be  repaid 
within  50  years  of  the  date  of  first  use  of  the  initial  recreation 
facilities.  If  all  or  part  of  long-term  repayment  of  the  City's 
share  of  initial  separable  costs  is  to  be  financed  through  user  fees, 
the  schedule  of  such  fees  and  the  portion  thereof  dedicated  to  re¬ 
payment  are  subject  to  renegotiation  at  intervals  not  exceeding  5 
years.  User  fees  can  be  collected  and  may  be  used  to  support  op¬ 
eration  and  maintenance  costs.  Monies  received  from  non-Federal 
interests  shall  be  deposited  in  the  Treasury  as  miscellaneous 
receipts.  By  a  resolution  of  the  City  Council  adopted  2  April  1979, 
the  City  of  Marshall  furnished  assurances  of  its  willingness  and 
ability  to  meet  conditions  proposed  for  non-Federal  assumption  of 
responsibilities  for  development,  operation,  maintenance,  and 
replacement  of  the  proposed  recreational  facilities. 
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ENV I RONMENTAL  QUALI  TY 


60.  Public  acceptance  of  the  proposed  recreational  facilities 
would  depend  on  its  environmental  and/or  aesthetic  quality. 
Various  grass  mixes,  shrub  and  tree  plantings  would  be  provided 
to  enhance  wildlife  habitat,  improve  aesthetics,  and  optimize 
the  recreational  experience.  Overburden  sections  with  plantings 
along  the  levee  portion  of  the  trail  would  provide  rest  and 
observation  areas,  and  help  blend  the  entire  works  into  the 
natural  setting. 


COSTS 


FIRST  COSTS 


61.  Estimated  Federal  and  non-Federal  first  costs  for  the  pro¬ 
posed  facilities  based  on  existing  cost-sharing  legislation  are 
given  in  table  G-ll  and  are  based  on  October  1977  price  levels.  These 
costs  are  presently  estimated  at  $192,800  and  $192,800  respectively. 
Applying  the  President's  proposed  cost-sharing  policies  would 
result  in  Federal  and  non-Federal  first  costs  of  $173,500  and 
$212,100  respectively. 
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62.  Estimated  Federal  and  non-Federal  annual  costs,  including  non- 
Federal  operation  and  maintenance  costs,  and  based  on  existing  cost¬ 
sharing  legislation  are  shown  in  taMe  G-12  below.  The  operation 
and  maintenance  costs  reflect  annualized  costs  of  periodic  trail 
maintenance,  annual  grooming,  periodic  repair  of  other  facilities 
and  normal  trash  removal  and  clean-up  activities. 

Table  G-12  -  Estimated  Annual  Costs 


Federal 

Total  First  Cost  $221, bOO 

Interest  and  Amortization  ($221,600  x  0.07132)  15,800 

Total  Federal  Annual  Costs  $  15,800 

Non-Federal 

Total  First  Cost  $221,600 

Interest  and  Amortization  ($221,600  x  0.07132)  15,800 

Operation  and  Maintenance  2,690 


Total  Non-Federal  Annual  Costs 


$  18,490 


TOTAL  ANNUAL  COSTS 


$  34,290 
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SECTION  H 


DESIGN  CONSIDERATIONS 


GENERAL 

1.  This  section  presents  a  detailed  discussion  of  the  data  used 
in  designing  the  selected  plan.  Included  are  discussions  of  hy¬ 
drologic  and  hydraulic  studies,  geologic  and  soils  studies,  and 
structural  designs  made  in  support  of  the  overall  study. 


HYDROLOGIC  AND  HYDRAULIC  DESIGN 


MAJOR  FLOODS  OF  RECORD 


2.  Tabl*  H-l  lists  the  pertinent  data  for  all  the  floods  that  ex¬ 
ceeded  1,500  cfa  since  the  establishment  of  the  Fourth  Street 
U.S.G.S.  ;age  at  Marshall  in  1940.  included  in  the  table  are  the 
dates  of  occurrence,  instantaneous  peak  discharge,  and  maximum 
observed  flood  stage.  To  compare  the  peak  stages  to  the  existing 
conditions,  all  stages  have  been  adjusted  to  the  U.S.G.S.  rating 
curve  No.  22,  effective  November,  1971,  and  shown  on  table  H-l. 
Channel  cutoffs,  clearing  and  snagging  and  scour  below  Marshall 
have  greatly  reduced  river  stages  at  the  U.S.G.S  gaging  station 
at  Marshall. 
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3.  Flood  of  April  1969  -  The  flood  of  April  1969,  the  greatest 
known  flood  at  Marshall,  was  caused  by  the  melting  of  a  heavy  snow 
cover  (water  equivalent  approximately  E  inches)  and  approximately 
one  inch  of  rain.  The  maximum  discharge  at  the  Burlington  Northern 
Railroad  (river  mile  72.6)  has  been  estimated  at  8,090  cfs.  This 
discharge  has  a  frequency  of  occurrence  of  once  in  approximate!) 

100  years.  With  an  emergency  levee  raise  on  CSAH  7  preventing  flow 
over  this  road  into  Marshall,  approximately  2,500  cfs  of  this  flow  is 
estimated  to  have  crossed  over  Trunk  Highway  (T.H.)  23  into  the 
Cottonwood  River  basin.  Of  the  remaining  5,590  cfs  (8,090  -  2,500), 
4,090  cfs  passed  through  the  existing  diversion  channel  and  1,500 
cfs  in  the  Redwood  River  through  the  city  of  Marshall. 

4.  River  stages  during  the  1969  flood  were  considerably  affected 
by  backwater  from  ice  jams  downstream  of  Marshall,  as  evident  from 
the  observed  stages  at  the  U.S.G.S.  gaging  station  at  North  4th 
Street  (plate  H-l) .  The  hydrograph  adopted  by  the  U.S.  Army  Corps 
of  Engineers  for  the  April  1969  flood  reflects  the  flow  into  the 
Cottonwood  River  basin,  the  overbank  storage  upstream  of  CSAH  7, 
and  is  shown  on  plate  H-2. 

5.  Flood  of  June  1957  -  The  flood  of  June  1957  was  caused  by 

heavy  rainfall  and  related  fast  runoff.  The  largest  24-hour  rainfall 
depth  of  8.67  inches,  resulting  from  this  storm,  was  recorded  at 
the  National  Weather  Service  Station  at  Minnesota,  12  miles  north¬ 
west  of  Marshall  and  outside  of  the  Redwood  basin  on  June  17,  1957. 
The  corresponding  24-hour  rainfall  depth  at  Marshall  was  8.03  inches. 
Special  surveys  conducted  by  the  National  Weather  Service,  shortly 
after  this  storm,  showed  that  amounts  exceeding  10  inches  fell  in 
an  area  west  of  Marshall. 

6.  The  maxima  stream  flow  at  the  U.S.G.S.  gaging  station  was  deter¬ 
mined  to  be  5,370  cfs.  This  includes  the  flow  through  the  business 
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district  which  bypassed  the  gage.  However,  this  does  not  include 
the  natural  diversion  of  approximately  800  cfs  into  the  Cottonwood 
River  basin  at  the  wayside  park.  The  discharge,  upstream  of  the 
natural  diversion  of  the  roadside  park  is  estimated  at  6,170  cfs. 
This  has  the  frequency  of  occurrence  of  once  in  51  years.  After 
having  reached  the  peak,  the  flow  dropped  down  to  a  discharge  of 
2,900  cfs  approximately  20  hours  later.  After  approximately  12  more 
hours,  or  36  hours  after  the  first  flood  stage  peak,  a  second  peak 
at  4,200  cfs  occurred.  It  is  possible  that  the  second  peak  could 
have  been  caused  by  a  second  storm  occurring  shortly  after  the  first 
one^  and/or  by  the  discharge  from  Coon  Creek  which  drains  into  the 
Redwood  River  at  Russell,  southwest  of  Marshall. 

Table  H-l  -  Flood  Data,  Redwood  River  at  Marshall, 

_ Minnesota  under  Existing  Conditions _ 


Date 

Maximum 

Discharge 

Maximum 

Recorded 

Gage 

Height 

Estimated  Maximum 
Stage  on  Rating, , 
Curve  No.  22  — 

(cfs) 

(ft) 

(ft) 

April  9,  1969 

5590 

7.62^ 

10.17 

June  17,  1957 

5370^ 

10.14 

10.12 

April  6,  1951 

2740 

11.05 

9.22 

April  9,  1965 

2220 

5.76 

8.34 

April  8,  1952 

1800 

10.22 

7.32 

June  10,  1947 

1800 

9.64 

7.32 

May  5,  1944 

1530 

8.97 

6.56 

y In  1957,  there  were  no  recording  gages  in  the  Redwood  River  basin 
to  measure  the  distribution  of  the  rainfall. 

y 1965  and  1969  Floods  affected  by  existing  project  that  was  comple¬ 
ted  in  1963. 

y*i  gage  heights  are  based  on  the  assumption  that  entire  discharge 
would  pass  through  town  and  do  not  take  into  account  flow  that 
crossed  over  to  the  Cottonwood  Basin. 

y  The  gage  height  is  for  a  discharge  of  1,500  cfs  flowing  through  the 
Redwood  River  Channel. 
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FLOOD  FREQUENCY  RELATIONSHIPS 


7.  The  discharge-frequency  relationships  developed  for  this  study 
are  for  existing  conditions  and  for  the  total  discharge  above  the 
natural  diversion  into  the  Cottonwood  River  Basin.  These  frequency 
curves  are  related  to  a  location  1.2  miles  upstream  of  the  Burling¬ 
ton  Northern  railroad  bridge. 

8.  The  adopted  discharge-frequency  curve  for  the  Redwood  River  at 
Marshall,  Minnesota,  is  based  on  34  years  of  US  Geological  Survey 
records  (1940-1973)  at  Marshall.  This  data  is  summarized  on  Table 
H-2.  This  period  includes  two  floods  that  overflowed  into  the 
Cottonwood  Basin.  These  floods  (17  June  1957  and  9  April  1969)  were 
estimated  by  the  Corps  of  Engineers  as  having  peak  overflows  of 

800  cfs  and  2,500  cfs,  respectively.  Thus  the  peak  was  raised  to 
6170  cfs  from  5370  and  the  1969  peak  was  raised  to  8090  from  SS90 
cfs,  from  the  published  values  respectively.  Both  were  adjusted  to 
a  longer  record  period  due  to  the  large  storm  rainfall  in  1957  and 
the  high  snow  water-equivalent  in  1969.  The  adopted  discharge  fre¬ 
quency  curve  is  based  on  statistical  computations  using  annual  peaks 
and  expected  probability  adjustment  (P^).  The  statistical  computed 
line  was  used  below  5  percent;  above  5  percent  the  line  is  drawn 
through  the  100-year  value  of  8200  cfs  and  guided  graphically  by  the 
two  highest  flood  peaks,  which  were  considered  to  be  the  highest 
values  in  a  66-year  period.  The  plotting  positions  for  the  lowest 
32  values  were  plotted  in  a  34-year  period.  The  statistical  compu¬ 
tations  were  made  with  two  low  flows  adjusted,  1959  peak  from  24  to 
100  cfs  and  1956  peak  from  47  to  130  cfs.  The  100-year  intermediate 
regional  or  regulatory  flood  (8200  cfs)  was  agreed  to  by  the  U.S. 
Geological  Survey,  the  Soil  Conservation  Service,  and  the  Corps  of 
Engineers.  This  discharge- frequency  curve  was  used  for  the  Marshall 
flood  plain  information  report,  December  1974  and  for  the  Marshall 
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flood  insurance  study,  August  1976  and  is  now  adopted  for  the 
Section  216  Feasibility  Study  for  Flood  Control,  Redwood  River  at 
Marshall,  Minnesota.  This  frequency  curve  is  shown  on  Plate  H-3. 
This  adopted  discharge  frequency  curve  which  was  computed  using  the 
latest  guidelines  and  procedures  outlined  in  the  WRC  Bulletin 
No.  17  and  is  also  shown  on  Plate  H-4. 

9.  The  peak  discharge  data  for  the  partial -duration  series  are 
summarized  on  Table  H-2,  and  the  partial-duration  series  curve  is 
shown  as  a  dashed  line  on  the  adopted  curve  on  Plate  H-4. 
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16  March  1946  623  54.4  24  May  1962  700“ 

3  April  1950  578  57.3  31  July  1963  677 


ANNUAL  PEAKS _  PARTIAL -DURATION  SERIES 
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DEVELOPMENT  OF  FREQUENCY  CURVE  USING  WRC 
BULLETIN  NO.  17 


10.  The  discharge-frequency  curve  for  the  Redwood  River  at  Marshall, 
Minnesota,  was  computed  in  accordance  with  WRC  Bulletin  No.  17  sub¬ 
sequent  to  completion  of  the  Draft  Feasibility  Report.  The  frequency 
curve  is  based  on  annual  series  with  the  distribution  based  on  a  log 
Pearson  type  III  distribution.  The  expected  probability  adjustment 
Pn  is  used  in  accordance  with  draft  ER  1110-2-1450  dated  30  August 
1976.  The  Keibull  plotting  position  formula  was  used  for  plotting 
the  discharge-frequency  data.  This  discharge-frequency  curve  is  for 
existing  conditions  for  the  Redwood  River  at  Marshall  and  for  the 
total  discharge  above  the  natural  diversion  into  the  Cottonwood  River 
basin.  The  curve  applies  to  the  upstream  limit  of  existing  improve¬ 
ments  at  river  mile  73.8  as  shown  on  Plate  C-l. 

11.  During  the  period  of  record  at  Marshall,  from  1940  through  1976, 
peak  flows  from  the  Redwood  River  naturally  diverted  into  the  Cotton¬ 
wood  River  basin  on  two  occasions.  Studies  made  by  this  office  indi¬ 
cated  that  the  overflow  for  the  17  June  1957  flood  peak  was  800  cfs 
and  that  the  total  discharge  upstream  from  this  overflow  area  was 
S,370  ♦  800  *  6,170  cfs.  The  Corps  of  Engineers  estimate  of  the  over¬ 
flow  for  the  9  April  1969  flood  was  2,500  cfs  or  a  total  discharge 

of  5,590  ♦  2,500  *  8,090  cfs  upstream  of  the  natural  diversion.  It 
has  been  determined  that  the  April  1969  flood  at  Marshall  was  the 
largest  flood,  at  least  since  1882,  and  one  high  outlier  was  used  when 
computing  the  discharge  frequency  curve  in  accordance  with  Bulletin 
No.  17.  Two  peak  flows,  1956  (47  cfs)  and  1959  (29  cfs),  were  adjusted 
to  60  cfs  and  80  cfs,  respectively. 

12.  A  generalized  skew  value  of  0.0  was  used  in  accordance  with  the 
St.  Paul  District  skew  map  (17  February  1977).  Using  Bulletin  No.  17 
and  the  previously  described  conditions,  the  adopted  skew  was  zero 
and  the  computed  skew  was  zero. 
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13.  Table  H-3  shows  the  annual  maximum  peak  discharge-year  data 
inputs  and  statistical  output  from  the  computer  program.  The  fre¬ 
quency  curve  is  shown  on  Plate  H-4  along  with  the  adopted  216  feas¬ 
ibility  study  curve  dated  25  June  1974  for  comparison.  The  5  per¬ 
cent  and  95  percent  confidence  limit  lines  are  also  plotted  and 
indicate  that  both  of  the  curves  are  well  within  these  limits.  The 
curve  using  Bulletin  No.  17  is  slightly  lower  than  the  adopted 
curve.  The  adopted  curve  passed  through  the  1-percent  chance  flood 
discharge  of  8,200  cfs  which  is  also  the  regulatory  flood  for  Minne¬ 
sota  State  flood  plain  management  purposes. 

14.  100-Year  Flood  -  In  1963,  when  the  diversion  channel  was  con¬ 
structed,  the  design  discharge  of  6,500  cfs  had  an  expected  frequency 
of  occurrence  of  once  in  114  years.  However,  after  the  1969  flood, 
and  the  occurrence  of  the  major  floods  over  a  short  time  period 
(1957  and  1969),  the  discharge  frequency  curve  has  been  revised.  The 
new  curve,  derived  by  the  U.S.  Army  Corps  of  Engineers,  in  coopera¬ 
tion  with  U.S.G.S.  and  S.C.S.  is  based  on  statistical  computations 
and  34  years  of  records  (1940-1973)  at  Marshall.  This  curve  shows 
that  a  discharge  of  8,200  cfs  has  a  frequency  of  occurrence  of  once 
in  100  years  as  shown  on  plate  H-3. 


15.  As  a  supplement  to  the  discharge-frequency  curve  at  the  upstream 
study  limit,  discharge-frequency  curves  were  developed  by  approximate 
methods  for  three  additional  locations  within  the  study  reaches.  These 
additional  curves  are  shown  on  Plates  11-5  through  H-7  and  their  lo¬ 
cations  are  shown  on  Plate  H-10.  Rating  curves  which  were  developed 
utilizing  the  HEC-2  computer  model  for  the  same  locations  are  also 
shown  on  these  plates. 
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STANDARD  PROJECT  FLOOD  (SPF)  HYDROGRAPH 

16.  The  standard  project  flood  (SPF)  hydrograph,  computed  by  U.S. 

Army  Corps  of  Engineers,  was  derived  using  the  unit  hydrograph 
adopted  for  the  1969  flood.  The  SPF  which  was  computed  for  a  total 
runoff  of  7.50  inches,  results  In  a  peak  discharge  of  16,700  cfs 

as  shown  on  Plate  H-9.  The  SPF  index  rainfall  was  10.0  from  Plate 
2  of  EM  1110-2-1411.  The  loss  rate  used  was  0.9  inches  per  6-hours. 

A  higher  than  normal  base  flow  (500  cfs)  was  used  to  account  for  the 
40  square  miles  eliminated  above  Lake  Benton.  Table  H-4  shows  the 
standard  project  storm  and  rainfall  and  rainfall  excess. 

17.  The  unit  hydrograph  adopted  for  this  study  is  based  on  an  es¬ 
timated  observed  hydrograph  of  the  April  1969  flood  upstream  of  the 
natural  overflow  into  the  Cottonwood  River  basin.  This  hydrograph 
was  based  on  all  available  published  data  plus  estimates  of  the  mag¬ 
nitude  and  time  of  overflow.  The  rise  portion  of  this  observed  hydro¬ 
graph  was  shortened  because  of  slow  snowmelt  for  the  first  few  days. 

The  recession  of  this  observed  hydrograph  was  estimated  (shortened) 
excluding  40.5  square  miles  of  drainage  area  above  the  mouth  of  Benton 
Lake.  Benton  Lake  has  a  surface  area  of  approximately  2,900  acres. 

18.  For  the  computation  of  the  unit  hydrograph,  the  drainage  area 
above  Lake  Benton  (approximately  40  square  miles)  was  eliminated.  The 
unit  hydrograph  derived  in  the  recently  completed  flood  plain  infor¬ 
mation  study  in  accordance  with  accepted  criteria  was  computed  for  a 
net  area  of  210  square  miles  and  was  from  a  runoff  of  4.53  inches. 

The  peak  discharge  from  this  unit  hydrograph  was  computed  to  be  1,750 
cfs  and  was  peaked  25  percent  to  2,200  cfs.  This  adopted  6-hour  unit 
hydrograph  is  for  discharge  above  the  natural  breakout  into  the  Cotton¬ 
wood  River  basin  and  is  shown  on  Plate  H-8. 

19.  The  unit  hydrograph  for  the  April  1969  flood  was  not  optimized  since 
the  recorded  flow  at  the  gage  is  only  a  small  part  of  the  total  flow. 

The  greater  part  of  the  total  flow  passes  through  the  diversion  channel. 
Cross-flow  into  the  Cottonwood  River  basin  upstream  of  Marshall  further 
complicates  any  attempt  at  optimization. 
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Table  H- 4  -  Standard  Project  Rainfall  and  Rainfall  Excess 

Rainfall 


Hour 

Rainfall 

Loss 

Excess 

(inchos) 

(inches) 

(inches) 

6 

0.01 

0.01 

0 

12 

0.04 

0.04 

0 

18 

0.26 

0.26 

0 

24 

0.02 

0.02 

0 

30 

0.05 

0.05 

0 

36 

0.17 

0.17 

0 

42 

1.23 

0.90 

0.33 

48 

0.10 

0.10 

0 

$4 

0.32 

0.32 

0 

60 

1.09 

0.90 

0.19 

66 

7.88 

0.90 

6.98 

72 

0.66 

0.66 

0 

78 

0.02 

0.02 

0 

84 

0.06 

0.06 

0 

90 

0.44 

0.44 

0 

96 

0.03 

0.03 

0 

Total 

12.38 

4.88 

7.50 

Note:  Rainfall  depth  in  inches  ending  at  hour. 
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STREAM  FLOW 


18.  Stream  flows  at  Marshall,  ordinarily  range  from  periods  of 

no  flow  during  winter  to  well  under  100  cfs  during  summer.  Spring 
floods  have  mostly  occurred  between  late  March  and  early  April,  oc¬ 
casional  summer  floods  are  not  uncommon.  Ice  jams  during  spring 
floods  have  caused  considerable  back  water  effect,  resulting  in 
higher  stages  as  evident  during  the  1969  flood  which  resulted  in 
stage  two  feet  higher  at  mile  66.1.  Heavy  summer  rains,  with  con¬ 
siderable  runoff,  frequently  result  in  a  double  peak  approximately 
a  day  apart  at  Marshall. 

19.  The  U.S.  Geological  Survey  (USGS)  has  maintained  a  stream  gage 
on  the  Redwood  River  at  Marshall  since  March  1940,  on  the  downstream 
side  of  North  4th  Street  Bridge  (river  mile  67.2).  The  largest 
flood  of  record  occurred  on  April  9,  1969.  The  discharge  for  this 
flood  has  been  estimated  at  8,090  cfs— (  The  second  largest  flood 
occurred  on  June  17,  1957,  with  a  peak  discharge  estimated  at  6,170 
cfsM  The  average  discharge  for  the  32-year  period  through  1972 
was  48.1  cfs.  Average  annual  runoff  tctal  about  2.61  inches  over 
the  2 50. 7^/ square  miles  (sq.mi.)  of  drainage  area  above  Marshall. 

Historical  Flood  Flow  Distributions 

20.  The  floods  of  1957  and  1969  proved  that  high  Redwood  River  stages 
will  overtop  the  minimum  roadway  elevation  of  Highway  23  at  the  way- 
side  park,  and  therefore,  during  times  of  high  river  stages,  some 

■^Discharges  at  the  Burlington  Northern  Railroad  Bridge,  upstream 
from  natural  diversion  into  Cottonwood  River  basin. 

■^Discharges  at  the  Burlington  Northern  Railroad  Bridge,  upstream 
from  natural  diversion  into  Cottonwood  River  basin. 

After  a  recent  study  by  Soil  Conservation  Service  (SCS),  the  drain¬ 
age  area  has  been  revised  from  307  square  miles. 
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flow  will  be  discharged  into  the  Cottonwood  River  basin.  During  the 
1957  flood,  it  was  estimated  by  Corps  employees  observing  the  phen¬ 
omenon,  that  approximately  800  cfs  passed  into  the  Cottonwood  Basin 
(see  figure  h-1)  .  During  the  1969  flood,  it  was  estimated  that  about 
2,500  cfs  flowed  into  the  Cottonwood  Basin.  However,  it  was  also 
estimated  that  about  1,100  cfs  of  this  was  forced  by  the  emergency 
dike  on  CSAH  7,  and  the  breaching  of  Highway  23,  and  therefore,  only 
1,400  cfs  u:'  the  total  overflow  to  the  Cottonwood  basin  was  consid¬ 
ered  to  be  natural  as  illustrated  on  the  flow  distribution  diagrams 
for  the  1969  flood  in  Figure  H-l.  It  was  also  estimated  that  overflows 
commenced  at  a  Redwood  River  discharge  of  4000  cfs.  Since  the  1969 
flood,  the  Minnesota  State  Department  of  Transportation  has  upgraded 
Highway  23  to  a  four  lane  structure.  The  roadway  was  raised  about 
0.5  feet  as  a  part  of  the  improvement.  The  maximum  flow  that  will 
now  pass  through  the  wayside  park  with  no  overflow  to  the  Cottonwood 
is  6,500  cfs.  Also  indicated  on  Figure  H-l  are  flow  values  at  other 
locations  along  the  Redwood  River  at  Marshall. 

Future  Flood  Flow  Distributions  -  100  Year  Flood 

21.  It  has  been  determined  in  a  recently  completed  (1974)  flood  plain  in¬ 
formation  study  at  Marshall,  that  under  existing  conditions  and  a 
100-year  discharge  of  8,200  cfs,  an  estimated  1,500  cfs  would  cross 
over  T.H.  23,  in  the  vicinity  of  the  wayside  park,  and  flow  into 
the  Cottonwood  River  basin.  It  was  also  determined  that  1,090  cfs 
would  cross  over  the  right  overbank  of  C.S.A.H.  7,  bypassing  the  di¬ 
version  structure  and  re-entering  the  Redwood  River  approximately 
2,500  feet  downstream  of  the  diversion  structure.  Of  the  remaining 
5,610  cfs  (8,200  -  (1,500  ♦  1,090)),  reaching  the  diversion  structure, 
4,110  cfs  would  pass  through  the  diversion  channel  and  1,500  cfs 
would  enter  the  natural  Redwood  River  channel  as  shown  in  Table  H-5 
and  Figure  H-3.  Thus,  the  total  discharge  in  the  Redwood  River, 
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through  the  city  of  Marshall  would  be  2,590  cfs  (1,500  +  1,090). 

The  total  discharge  at  the  downstream  confluence  of  the  diversion 
channel  and  the  Redwood  River  would  be  6,700  cfs  (4,110  +  2,590). 

See  Figure  H-2  for  a  schematic  view  of  this  existing  100-year  con¬ 
dition  flood  flow  distribution.  The  100-year  and  133-year  design 
flood  flow  distributions  with  the  proposed  project  are  shown  on 
Figure  H-3. 

Standard  Project  Flood 

22.  The  SPF  was  also  analyzed  in  the  previously  mentioned  flood 
plain  information  study  and,  in  this  analysis  of  the  SPF,  two  con¬ 
ditions  were  considered.  The  first  condition  would  occur  about  one- 
half  day  before  the  SPF  peak  arrives  and  would  result  in  maximum 
damages  to  the  upstream  reach  at  Marshall;  the  second  condition, 
occurring  at  the  time  of  the  peak,  would  result  in  maximum  damages 

to  the  downstream  reach  at  Marshall.  Existing  flow  distributions  for 
both  of  these  conditions  are  shown  on  Figure  H-2. 

23.  A  part  of  the  existing  flood  control  project  is  a  levee,  with  a 

minimum  top  elevation  of  1199,  located  on  the  left  bank  of  the  Redwood 
River  upstream  of  the  Burlington  Northern  Railroad  bridge.  Dis¬ 
charges  in  excess  of  11,800  cfs,  about  the  250-year  flood,  would  over¬ 
top  this  levee.  For  the  SPF  with  a  peak  flow  of  16,700  cfs,  certain 
assumptions  with  respect  to  the  mode  of  failure  of  this  levee  have 
been  made.  The  hydrograph  of  the  SPF,  Plate  H-9,  indicates  that  a 
flow  of  11,800  cfs  would  occur  approximately  one-half  day  before  the 
peak.  It  is  assumed  that  by  the  time  the  peak  occurs  the  levee  is 
completely  washed  away.  Under  this  assumption,  the  maximum  discharge 
that  would  flow  under  the  Burlington  Northern  Railroad  bridge  is  11,800 
cfs  occurring  one-half  day  before  the  peak  (condition  1).  At  the  peak 
only  6,500  cfs  would  flow  under  the  bridge  (condition  2). 


Appendix  I 
H-16 


UJ 

Li 

a: 

3 

o 

o 

o 

o 

* 

rr 

X 

oc 

< 

GO 

h- 

to 

a 

N 

z 

U 1 

O 

o 

o 

Z 

CO 

CO 

a: 

>- 

X 

UJ 

< 

< 

> 

* 

CO 

o 

5  41 10 

DIVERSION  CHANNEL 


8200  -*J  8200- 


6700  -»  -*5610 
1090 


ANNtL  r1  X 

o> 

OO4II0  °° 

30  \ 

— I - +|  6700 


OVERBANK  FLOW 


1500 

FLOW  TO 

COTTONWOOD  BASIN 


EXISTING  100  YEAR 


FLOW  OUT  OF  STORAGE 
(  COND.  2  ONLY  ) 


FLOW  INTO  STORAGE 

(  10,200 ) 

4900 


(  10.200  ) 


(  16700)' 
11,600  “ 


(6500) 

1 1, BOO- 


(  6500) 
6600  H 


(5550) 

6600" 

V 

(950) 

2000 


(5100)  (! 

1(9250) 

(4150) -  5100  ~ 

5100  DIVERSION 
ft  CHANNEL 

(1400)  (2350) 

*  1500  *  3500 

/ 


(  5100) 

i 


♦(  14350) 
5100 

GAGE  \ 
-f— - 4 


(  16700) 
8600H 


(  550) 
2000 


EXISTING  SPF 


(0)  c 

3200 
FLOW  TO 

COTTONWOOD  BASIN 

1 


OVERBANK  FLOW 


ALL  FLOW  VALUCB  IN  CFB 

VALUES  W tO  PARENTHESES  -  SPF  CONDITION  I 

VALUES  W  /  PARENTHESES  -  SPF  CONDITION  2 


EXISTING  FLOW  DISTRIBUTION 
REDWOOD  RIVER 
a  MARSHALL,  MINNESOTA 


FIGURE  M-2 


Appendix  I 
H-17 


Table  H-  5  -  Flood  Flow  Distribution  At  Marshall 
Existing  Conditions 

Discharge  Changes  Throughout  Study  Reach 


100  YR  SPF 


Burlington  Northern  RR  Bridge 

0LSJ._ 

Cond.  1 
(CFS) 

Cond .  2 
(CFS) 

Upstream 

8200 

16700 

16700 

Downstream 

8200 

11800 

6500 

Wayside  Park 

Downstream 

6700 

8600 

6500 

CSAH  #7 

Downstream 

5610 

6600 

5550 

Diversion  Structure 

Upstream 

5610 

6600 

5550 

Downstream 

Redwood  River 

1500^ 

1500 

1400^ 

Div.  Channel 

411 0^ 

5100 

4150^ 

U.S.G.S.  Gage 

Redwood  River 

2590 

3500 

2350 

Confluence 

Downstream 

6700 

8600 

16700 

-^These  discharges  differ  slightly  from  the  original  project  report  rating 
curve  values  of  1400  and  4210  cfs  respectively  as  obtained  from  Plate  H-ll. 
However,  the  tabulated  values  have  been  used  in  the  Marshall  FPM  and 
Flood  Insurance  Study  reports. 

^ These  figures  from  original  project  report  rating  curve. 
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24.  When  the  levee  Is  overtopped  by  discharges  greater  than  11,800 
cfs,  the  excess  water  flows  north  of  the  Burlington  Northern  Rail¬ 
road  tracks  In  a  northeasterly  direction  and  eventually  enters  the 
diversion  channel  upstream  of  Minnesota  State  Highway  68.  It  is 
assumed  that,  until  the  SPF  reaches  the  peak,  all  the  flows  going 
north  of  the  Burlington  Northern  Railroad  tracks  would  go  into 
storage  on  lands  north  of  the  tracks  and  west  of  the  diversion 
channel.  This  would  result  in  a  volume  of  6,300  acre-feet  flooding 
approximately  2,800  acres  at  an  average  depth  of  2.3  feet.  At  the 
peak  of  the  SPF,  10,200  cfs  would  pass  through  the  storage  area. 

Two  low  spots  on  the  diversion  channel  -  at  the  drop  structure  and 
Chicago-Northwestern  Railroad  (CNR)  bridge  -  are  the  most  likely 
places  where  the  flow  would  enter  the  diversion  channel.  It  is 
assumed  that  one-half  of  the  discharge,  flowing  north  of  the  Bur¬ 
lington  Northern  Raoilroad  tracks,  would  enter  the  diversion 
channel  at  the  existing  drop  structure  and  the  other  half  at  the 
Chicago  Northwestern  Railroad  bridge. 

25.  Under  Condition  1,  of  the  11,800  cfs  that  would  flow  under  the 
Burlington  Northern  Railroad  bridge,  an  estimated  3,200  cfs  would 
cross  over  T.H.  23  into  the  Cottonwood  River  basin,  2,000  cfs  would 
cross  over  the  right  overbank  and  the  CSAH  7  embankment,  bypassing 
the  diversion  structure,  and  reentering  the  Redwood  River  approx¬ 
imately  2,500  feet  downstream  of  the  diversion  structure.  Of  the 
6,600  cfs  (11,900  -  (3,200  +  2,000)  reaching  the  diversion  structure, 

5,100  cfs  would  enter  the  diversion  channel.  The  total  discharge 

at  the  downstream  confluence  of  the  diversion  channel  and  the  Redwood 
River  would  be  8,600  cfs  (5,100  +  3,500).  This  discharge  reflects 
the  temporary  loss  of  flow  due  to  temporary  storage  northeast  of  the 
Burlington  Northern  Railroad  tracks. 

26.  Under  Condition  2,  the  discharge  through  the  Burlington  Northern 
Railroad  bridge  would  be  approxiaately  6,500  cfs  with  no  flow  entering  the 
Cottonwood  basin.  The  flow  traveling  northeast  of  the  Burlinton  Northern 
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tracks  would  be  10,200  cfs.  By  the  time  the  flow  reaches  this 
magnitude,  however,  the  available  storage  north  of  the  BNRR  tracks 
will  have  been  used  up  so  10,200  cfs  will  be  discharged  almost 
immediately  into  the  diversion  channel  via  the  two  low  areas.  Based 
on  this  assumption,  the  discharge  downstream  of  the  confluence 
will  be  16,700  cfs.  Of  the  6,500  cfs  which  continues  down  the 
Redwood  River  channel  below  the  Highway  23  Roadside  Park,  950  cfs 
would  flow  over  CSAH  7,  eventually  reentering  the  river  2,500  feet 
downstream  of  the  diversion  structure,  leaving  5,550  cfs  to  be  split 
at  the  diversion  structure.  Of  this  5,550  cfs,  1,400  cfs  would  flow 
through  the  diversion  structure  culverts  into  the  main  channel  and 
4,150  cfs  would  flow  into  the  diversion  channel.  At  the  U.S.G.S. 
gage  the  flow  would  be  2,350  cfs  (1,400  +  950). 

27.  The  Condition  1  and  Condition  2  SPF  flow  distributions  with  the 
proposed  project  are  shown  on  Figure  H-4.  Overflow  to  the  Cotton¬ 
wood  River  basin  would  be  reduced  to  2,220  cfs  for  Condition  1,  and 
flow  over  CSAH  7  would  be  reduced  to  zero  for  both  conditions. 
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WATER  SURFACE  PROFILES 


General 

28.  Water  surface  profiles  for  both  existing  and  proposed  project 
conditions  were  derived  by  backwater  computations  using  a  computer 
model  based  on  the  Hydrologic  Engineering  Center's  computer  program 
HEC-2.  The  existing  condition  profiles  were  obtained  using  the  model 
which  was  developed  for  the  report  titled  "Flood  Plain  Information, 
Redwood  River  at  Marshall,  Minnesota".  The  various  hydraulic  para¬ 
meters  for  this  report  were  established  using  a  manual  optimization 
technique  which  involved  establishing  or  revising  hydraulic  parameters, 
then  comparing  the  computed  profile  with  the  recorded  1969  flood 
profile  until  the  desired  reproduction  of  the  recorded  profile  w n 
obtained.  See  Table  H-6  for  a  summary  of  the  finalized  modeling  data 
from  the  Flood  Plain  Information  report.  For  the  proposed  conditions, 
channel  roughness  coefficients  and  cross  section  geometery  were  appro¬ 
priately  adjusted  for  reaches  where  channel  excavation  and/or  riprap 
are  proposed.  Typical  channel  cross-sections  for  the  existing  diversion 
structure  and  Redwood  River  channel  through  Marshall  are  shown  on 
Plate  H-18. 

UPSTREAM  REACH 

29.  Backwater  computations  for  the  upstream  study  reach  were  started 
at  critical  depth  at  the  diversion  structure  spillway.  (See  plate  H-19 
for  sketch).  The  discharge  over  the  spillway  was  determined  from 

the  diversion  structure  rating  curve  shown  on  plate  H-ll.  The  rating 
curve  was  obtained  from  an  earlier  study,  "Flood  Control  General  De¬ 
sign  Memorandum  on  Redwood  River  at  Marshall,  Minnesota".  At  the  de¬ 
sign  discharge,  the  proposed  levee  would  result  in  approximately  a 
0.75  foot  stage  increase.  However,  upstream  of  the  wayside  park,  there 
would  only  be  a  slight  increase  in  stage.  Water  surface  profiles  for 
existing  and  proposed  conditions  along  the  upstream  reach  are  shown  on 
plates  H-lOand  plates  E-l,  E-2,  and  E-3. 
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M()DtL  DATA  1  OH  MARSHAL  1. 

fclevat ions 

MN 

Mannings 

"n" 

Sec  t  . 
No. 

Uescrr.it  ion 

Observed 

1969 

nee-: 

Corcput  ed 

Left 

Bank 

Rignt 

Bank 

Channel 

lo 

Highway  t>? 

112S.8 

1125.8 

0.1 

0.1 

.035 

2b 

VPl  Limit 

1 139.81 

0.1 

0.1 

.035 

2~ 

Southwest  State  College 

1141.52 

0.1 

0.1 

.035 

2$ 

Dike 

1142.09 

.08 

.08 

.035 

Rc-uU-nt  ial  hike 

1145 

1144.4b 

.08 

.08 

.035 

31 

MlU  06  1 

1149.5  ** 

1  14- . 51 

.08 

.03 

035 

513 

1  own  •'hip  Road  Bridge 

1149.-" 

.05 

.05 

.03 

59" 

Crop  structure  l.W. 

. 

1153.40 

.05 

.05 

.03 

599 

diversion  Channel 

Drop  Structure 

1159." 

.05 

.05 

.035 

043.5 

Diversion  Structure 

1168.67 

.05 

.05 

.034 

34 

Kossuth  Ue.  Bridge 

1149.4 

1149.4 

0.1 

0.1 

.0365 

4U 

N.  4th  St .  (U.S.G.S. 

gaging  station! 

1152.5 

1152.49 

0.1 

0.1 

.0365 

43 

S.  3rd  Street 

1154.31 

0.1 

0.1 

.044 

45 

V  2nd  St.  (E.  College  Drivel 

1 154.96 

0.1 

0.1 

.044 

49 

Main  Street 

1157.82 

0.1 

0.1 

.044 

SI 

K.  College  Drive  (S.  2nd  St.) 

1 158.22 

0 . 1 

0.1 

.044 

53 

c  t,  X.  K.  k.  k. 

1158.73 

0.1 

0.1 

.046 

-- 

Saratoga  Street 

1159.69 

0.1 

0.1 

.046 

58 

S  4th  Street 

1162.33 

0.1 

0.1 

.042 

6. 

West  College  Dr.  (Til  19) 

1165.06 

0.1 

0.1 

.042 

72 

Diversion  Channel  Culverts 

1 1 74 i 25 

0.1 

0.1 

.047 

76 

CSAH  7 

1177.8 

1177.72 

0.1 

0.1 

.0495 

87 

B.N.K.K.  Bridge  (Upstream 
study  limit) 

1195.9* 

119S.87 

0.1 

0.1 

.040 

*  Estimated  High  Water  Mark 

**  It  was  assumed  that  this  elevation  was  unnaturally  high  due  to  ice  in 
downstream  channel,  therefore,  the  rating  curve  elevation  of  1147.57 
was  matched. 

Shock  loss  coefficients  ■  .3  and  .1  at  All  Locations  (Expansion  and 
Contraction  Respectively) 

Special  Bridge  Routine  Used  At  All  Bridges  Appendix  X 
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30.  D2  and  tailwater  rating  curves  frr  the  existing  diversion 
structure  and  existing  diversion  channel  drop  structure  are  shown 
on  Plate  H-17.  Tailwater  elevations  computed  using  the  HEC-2 
computer  program  (n  assumed  ■*  0.030)  are  also  shown  for  each 
structure.  The  computed  tailwater  elevations  correspond  closely 
to  the  most  probable  extension  of  the  original  design  curve.  Ill¬ 
ustrations  of  these  structures  are  shown  on  Plate  H-19. 


DOWNSTREAM  REACH 


31.  Backwater  computations  for  the  downstream  reach  were  made  using 
slope-area  methods  starting  with  normal  depth  at  a  point  upstream 

of  the  T.H.  23  bridge  (mile  58.3).  At  design  discharge,  the  pro¬ 
posed  levee  would  result  in  approximately  a  0.5  foot  stage  Increase 
over  existing  conditions.  The  proposed  channel  widening  between 
station  0+00  and  13  +  50  would  eliminate  river  stage  increases  up¬ 
stream  of  the  confluence  of  the  Redwood  River  and  diversion  channel 
caused  by  the  1260  cfs  flow  increase  from  the  upstream  reach  under 
proposed  diversion  conditions.  Water  surface  profiles  for  existing 
and  proposed  conditions  along  the  downstream  reach  are  shown  on 
Plate  H-10 . 

STREAM  VELOCITIES 

32.  Average  design  flow  velocities  for  improve  conditions  at  selec¬ 
ted  locations  are  shown  in  Table  H-7. 
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Table  H-7  -  Computed  Average  Velocities  Under  Proposed 
Conditions  at  Selected  Locations 


Kiver  St  at  ion—' f 

Channel 

(fps) 

Maximum  Over bank 
(fps) 

Upst  ream 

Reach 

8+75 

4.7 

.2/ 

9  ♦  25 

(CSAH  7  bridge) 

4.9 

.2/ 

9  ♦  90 

S.7 

0.9 

21  ♦  75 

7.2 

1.1 

40  ♦  00 

4.6 

1.0 

42  ♦  87 

7.2 

1.4 

71  ♦  75 

6.9 

1.4 

91  *  75 

5.1 

1.1 

100  ♦  75 

7.5 

1.6 

121  ♦  40 

(BNR  bridge) 

5.0 

*U 

Downstream  Reach 

3  ♦  *0 

6.1 

0.7 

15  ♦  20 

8.0 

1.4 

24  ♦  00 

5.6 

1.1 

32  ♦  30 

3.0 

0.7 

57  ♦  20 

5.2 

1.0 

75  ♦  00 

4.8 

1.2 

-  Stationing  proceeds  upstream  from  the  existing  diversion  struc¬ 
ture  and  downstream  from  the  drop  structure  at  the  confluence  of 
the  diversion  channel  and  the  Redwood  River. 

-^No  overbank  flooding. 
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EFFECT  ON  BRIDGES 


33.  Two  bridges  are  located  along  the  upstream  reach.  These  are 
the  C.S.A.H.  7  bridge  and  the  Burlington-Northern  Railroad  bridge. 
Riprap  slope  protection  would  be  required  only  at  the  C.S.A.H.  7 
bridge.  At  design  conditions,  the  proposed  improvements  would  have 
no  significant  effect  on  the  existing  100-year  water  surface  eleva¬ 
tion  and/or  the  velocity  at  the  Burlington-Northern  Railroad  bridge. 
However,  at  the  133-year  design  conditions,  the  proposed  improve¬ 
ment  would  result  in  a  2.1-foot  increase  in  stage  and  0.1  de¬ 
crease  in  velocity  at  the  C.S.A.H.  7  bridge.  Two  bridges  are  also 
located  along  the  downstream  study  reach.  However,  these  bridges 
are  located  downstream  of  the  proposed  improvements  with  the  near¬ 
est  bridge  approximately  3-1/2  miles  downstream  of  the  proposed  im¬ 
provements.  Pertinent  bridge  data  and  design  water  surface  elevation 
are  given  in  table  K-8. 


Table  H-8  -  Bridge  Data 


Item 


C.S.A.H.  7 

Bridge 


Burl ington 
Northern 
Railroad 
Bridge 


Deck  elevation 
Low  steel  elevation 
Design  water  surface 
Length 

Waterway  opening-^ 


1184.2 
1182.9 
1182.58 
152  feet 

1607  square  feet 


17 


Net  flow  area  up 


to  low  steel 


1205.0 
1201.5 
119S.4 
85  feet 

2335  square  feet 
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BACKWATER  EFFECTS  WITHIN  MARSHALL 


34.  During  times  of  major  flooding,  backwater  effects  caused  by  the 
Combined  Redwood  River  and  diversion  channel  flows  are  evident  with¬ 
in  the  downstream  areas  of  the  City  of  Marshall.  This  phenomenon 
was  verified  by  the  HEC-2  model  by  utilizing  a  constant  1500  cfs 
discharge  through  the  City  and  downstream  reaches  to  determine  a 
natural  profile.  The  model  was  then  used  to  compute  the  100-year  and 
SPF  existing  condition  profiles.  These  profiles  were  then  compared 
to  the  natural  profile  to  determine  the  extent  of  backwater  effect 
within  Marshall.  According  to  this  analysis,  the  100-year  back¬ 
water  effect  will  extend  to  approximately  North  6th  Street  and  the 
SPF  (Condition  2}  effect  will  extend  to  East  Main  Street.  (See  plate 
H-10  for  street  crossing  locations).  However,  the  proposed  channel 
widening  measures  downstream  of  the  confluence  would  eliminate  the 
100-year  backwater  effects. 

ANALYSIS  OF  PROPOSED  OVERFLOWS  TO  COTTONWOOD  BASIN 


35.  Water  surface  profiles  of  the  133-year  and  Standard  Project  flood 
overflows  to  the  Cottonwood  Basin  were  derived  using  the  HEC-2  Com¬ 
puter  Program.  These  profiles  followed  the  alignment  of  County  Ditch 
#70,  starting  at  critical  depth  approximately  1,000  feet  downstream 
of  County  Road  67  and  extending  upstream  west  of  CSAH  #7  to  the  approx¬ 
imate  end  of  the  proposed  overflow  channel.  The  computations  indicated 
an  SPF  profile  which  was  3-9  feet  below  the  Highway  23  profile  at  all 
locations  except  in  the  vicinity  of  the  intersections  of  the  ditch  and 
CSAH  #7.  At  this  location,  the  elevation  of  the  SPF  overflow  profile 
would  be  about  1/2  foot  below  the  elevation  of  Highway  23.  SPF  flood- 
waters  could  pass  through  five  culverts  through  the  Hwy.23  embankment 
but  would  not  reach  the  developed  area  of  Marshall  based  on  existing 
topographic  information.  None  of  the  culverts  would  be  affected  at  the 
design  flood  level. 
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SEDIMENT  TRANSPORT 


36.  A  comparison  of  the  pre-existing  project  with  the  existing  pro¬ 
ject  rating  curves  for  the  USGS  gage  site  (mile  o7.2)  reveals  the 
occurrence  of  sediment  deposition  between  gage  heights  of  0  to  7 
feet.  The  maximum  increase  in  stage  due  to  sediment  deposition  occurs 
at  a  stage  of  about  5  feet  (1,000  cfs).  Between  the  gage  heights 
of  7  and  10  feet  sediment  loss  is  evident,  and  at  a  gage  height  of 
9  feet  the  maximum  decrease  in  stage  (0.12  feet)  due  to  this  loss 
occurs.  The  above  phenomena  indicates  that  at  low  stages,  the  sed¬ 
iment  load  within  the  Redwood  river  is  less  than  at  high  stages.  This 
is  due  primarily  to  low  velocities,  characteristic  of  low  stages, 
which  allow  the  sediment  to  settle  out  and  the  opposite  which  is 
true  for  the  high  velocities  characteristic  of  high  stages. 


HYDRAULIC  DESIGN  OF  OVERFLOW-DIVERSION  STRUCTURE 

37.  The  hydraulic  design  of  the  proposed  overflow  diversion  structure 
is  based  on  controlled  overflows  commencing  at  a  Redwood  River 
discharge  of  approximately  6,500  cfs.  Approximately  one-half  of  the 
discharge  in  excess  of  6,500  cfs  would  be  diverted  into  the  Cottonwood 
basin  with  the  remaining  50  percent  passing  downstream  through  Marshall. 

The  540- foot  long  overflow  diversion  structure  would  cosmence  at 
right  bank  levee  station  58  ♦  90  and  extend  westward  along  the  Redwood 
River  as  shown  on  plate  E-3.  The  structure  would  consist  of  a  gabion 
embankment  with  a  6-inch  high  by  6-inch  wide  concrete  projection  on  the 
crest  to  provide  positive  control.  The  crest  elevation  would  be  1192.64 
at  the  downstream  end  and  1192.94  at  the  upstream  end.  Plate  E-3, 
section  A-A,  shows  a  typical  section  through  the  overflow  diversion  structure. 
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38.  At  the  design  discharge  of  9,000  cfs,  approximately  1260 
cfs  would  be  diverted  into  the  Cottonwood  River  basin.  Plate 
H-12  depicts  the  rating  curve  for  the  overflow  diversion  structure. 
The  rating  curve  on  plate  H-13  shows  the  discharge  relationship 
between  Redwood  River  flows  and  flows  diverted  into  the  Cottonwood 
River  basin. 


HYDRAULIC  DESIGN  OF  GABION  DROP  STRUCTURE 


39.  The  proposed  gabion  drop  structure  would  be  located  at  station 
97  +  45  (river  mile  72.04),  approximately  220  feet  downstream  of 
the  proposed  overflow  weir.  The  design  for  this  structure  was 
based  on  ETL  110-2-194.  The  structure  would  be  6.1  feet  high,  have 
IV  on  4H  and  IV  on  6H  slopes  on  the  respective  upstream  and  down¬ 
stream  faces.  The  weir  crest  (elev.  *  1186.1)  would  be  grouted, 
have  a  length  of  91.6  feet,  and  a  width  of  9  feet.  Four  36"  RCP 
culverts  through  the  structure  would  pass  low  flows  (maximum  =  300 
cfs) . 

40.  Approximately  once  every  1.3  years,  discharge::  'C''  ’  e/.ceed  the 
capacity  of  the  culverts  and  this  additional  flow  would  pass  over 
the  weir  crest.  Plate  H-13  shows  the  rating  curve  for  the  proposed 
gabion  drop  structure.  According  to  Plate  4  of  the  ETL,  free  flow 
would  still  exist  during  the  design  and  SPF  discharges  and  therefore 
the  structure  would  provide  a  positive  control  of  river  stages  in 
the  vicinity  of  the  overflow  diversion.  Channel  widening  upstream 
of  the  drop  structure  would  lower  the  water  surface  upstream  of  the 
park  to  that  of  existing  conditions. 
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HYDRAULIC  DESIGN  OF  OVERFLOW  CULVERTS 


.41.  Three  llE-inch  by  72-inch  arch  culverts,  1S5  feet  long,  would 
be  required  to  pass  the  design  discharge  of  1,260  cfs  through  T.H. 

23  embankment.  These  culverts  would  have  a  slope  of  0.25  percent 
and  an  inlet  invert  elevation  of  1183.9.  At  design  discharge  of 
1,260  cfs,  the  water  surface  in  the  park  would  be  1.5  feet  below  the 
minimum  highway  election  v,'  1193.3.  A  maximum  flow  of  1,500  cfs 
would  pass  through  the  culverts  before  T.H.  23  is  overtopped.  This 
flow  would  correspond  to  a  discharge  of  9,800  cfs  (167-year  flood) 
in  the  Redwood  River  upstream  of  the  overflow  diversion  structure. 

At  standard  project  flood  conditions,  2,220  cfs  would  be  diverted  in 
to  the  Cottonwood  River  basin.  Hydraulic  design  details  for  the  cul 
verts  are  shown  on  plate  K-4. 


HYDRAULIC  DfcaIGN  OF  RIPRAP 

42.  A  hydraulic  study  was  made  to  determine  required  riprap  sizes 
based  on  an  analytical  determination  of  shear  force  created  by 
channel  flow  and  the  ability  of  the  riprap  revetment  to  withstand 
these  forces.  This  method  is  defined  in  EM  1110-2-1601,  "Hydraulic 
Design  of  Flood  Control  Channels",  July  1,  1970,  and  ETL  1110-2-120, 
"Additional  Guidance  for  Riprap  Channel  Protection",  May  16,  1971. 

In  addition,  Report  No.  47  of  Massachusetts  Institute  of  Technology 
Hydrodynamics  Laboratory  on  "Stream  Dynamics  and  Boundary  Stream 
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Hist ribut ions  for  Curve  Trapezoidal  Channels",  by  A.  T.  Ippen,  et 
al  ,  January,  1962,  was  referred  to. 

4 >.  Studies  indicate  that  the  riprap  size  required  would  range 
from  12  inches  to  24  inches  (D^g  minimum  from  S  to  17  lb.).  The 
entire  channel  would  be  lined  with  riprap  in  the  vicinity  of 
C.S.A.H.  7  bridge  (30  feet  upstream  and  SO  feet  downstream). 
Channel  side  slopes  in  the  vicinity  of  the  proposed  gabion  drop 
structure  (both  40  feet  upstream  and  downstream)  would  be  rip- 
rapped.  In  other  areas,  riprap  would  be  placed  on  the  outside 
bank  of  the  channel  bends.  Table  H-9  gives  the  required  riprap 
types.  Plates  E-l  through  E-3  and  E-ll  show  the  locations  of 
required  riprapped  bank  areas. 

44.  Bedding  material  (uniformly  graded  coarse  material)  would 
be  placed  in  thicknesses  ranging  from  6  inches  to  9  inches.  This 
material  would  be  placed  at  one-half  the  riprap  thickness  to  a 
maximum  of  12  inches  for  above  water  placement  and  18  inches  for 
underwater  placement. 


Table  H-9  -  Proposed  Riprap  Type 


Location  Riprap  Type 

Upstream  reach  stations: 


8  ♦ 

35  to  9  ♦  65 

Type  A 

All 

other  locations 

Type  B 

All 

headwal Is 

Type  C 

Appendix  1 
H-31 


A  Mfi  M?|; 


Hf  ['WOOD  R  t  Vr  R  A I  MARSHAL  l  M I  NHL  SOI  A  ;  F  T  AS  1 B 1 1  [  I  Y  RrpnRT 
MIR  f  I  1100  (ONI  RUM  III  CORPS  01  (MilNfiRS  SI  PAUl  MN  SI 
PAlll  01  SIR  M  1  JIIN  7*1 


S’  7 


K|(  I  ASM  I  II  0 


F /(i  13/? 


HI 


f 


Tab l_e_  H-&  -  Proposed  Riprap  Type  (conti nued ) 


1-ocat ion  Riprap  Type 

Overflow  channel  stations: 

3  ♦  t>0  to  6  ♦  90  Tvpe  0 

5  ♦  20  to  7  00  Type  D 

All  other  locations  Type  C" 

Downstream  reach  stations: 

0  ♦  00  to  13  ♦  50  Type  B 


INTERIOR  DRAINAGE 


llPS'  iT  V  >  r.E\CH 


45.  Required  upstream  interior  drainage  works  would  include  modi¬ 
fication  of  the  State  Highway  23  drainage  system  at  the  roadside 
park,  installation  of  flap-gates  on  two  double  30-inch  railroad 
culverts  (headwalls  A  a^d  B) ,  an  18-inch  flap-gated  culvert  (head- 
wall  C)  at  station  11  ♦  20  of  the  left  bank  levee,  installation  of 
a  flap-gate  on  an  existing  driveway  culvert  (headwall  E)  at  stations 
63  ♦  50,  and  installation  of  a  12-inch  CMP  culvert  through  a  drive¬ 
way  at  right  bank  levee  station  10  ♦  00.  Modification  of  the  State 
Highway  23  drainage  system  would  include  installation  of  a  flap-gate 
on  the  existing  36-inch  highway  culvert  (headwall  F),  excavation  of 
a  10-foot  wide  parabolic  channel  leading  to  the  overflow  structure, 
and  a  flap-gated  36-inch  reinforced  concrete  culvert  (headwall  E) 
through  the  structure.  Minor  landscaping  measures  would  also  be  ac 
complished  at  right  bank  levee  station  27  ♦  00  to  fill  a  low  area 
adjacent  to  the  proposed  levee. 
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46.  The  ditch  on  the  north  side  of  the  railroad  tracks  slopes  in 
the  northeasterly  direction  towards  the  city  of  Marshall.  Headwalls 
A  and  B  will  prevent  water  from  entering  the  ditch  and  flowing  to¬ 
wards  the  city.  The  culvert  at  headwall  C  will  provide  drainage 
for  approximately  2.S  acres  of  land  located  adjacent  to  the  levee. 
Installation  of  flap-gated  headwalls  D  and  F  will  prevent  Redwood 
River  water  from  getting  into  the  Cottonwood  River  basin  except  via 
the  overflow  diversion  channel.  The  land  south  of  State  Highway 
23  slopes  in  the  southeasterly  direction  towards  County  Ditch  70. 
Thus,  flap-gating  the  State  Highway  23  culvert  will  not  create  any 
problems.  The  existing  culvert  at  station  63  ♦  50  provides  drain¬ 
age  for  less  than  one  acre  of  land.  The  installation  of  a  flap-gate 
on  this  culvert  will  likewise  not  create  any  adverse  effects.  Typ¬ 
ical  details  for  the  upstream  reach  interior  drainage  facilities 
are  shown  on  plates  E-4  and  E-8  at  the  end  of  Section  E. 


DOWNSTREAM  REACH 


General 


47.  The  proposed  levee  alignment  would  obstruct  the  runoff  from 
approximately  57  acres  of  land  under  existing  conditions.  This 
runoff  would  flow  unrestricted  into  the  Redwood  River.  The  pro¬ 
posed  plan  incorporating  a  7-acre  pond  at  approximate  levee  sta¬ 
tion  27  ♦  00  would  provide  approximately  36  acre-feet  of  storage 
at  elevation  1138.0.  A  collector  ditch  would  be  provided  along¬ 
side  the  levee  for  collection  and  transfer  of  runoff  to  the  pond¬ 
ing  area.  The  pond  would  be  drained  into  County  Ditch  62  via  a 
24-inch  R  C  P.  The  inlet  to  the  24-inch  R  C  P  would  consist  of 
a  flared  section  with  a  trestle  guard.  Outflows  into  the  County 
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ditch  would  bo  controlled  by  a  manually-operated  gate  well  and 
flap-gate.  Since  this  portion  of  County  Ditch  No.  62  is  several 
miles  upstream  from  its  junction  with  the  Redwood  River,  water 
levels  in  the  ditch  upstream  of  the  State  Highway  23  crossing 
are  unaffected  by  river  stage  changes  in  the  Redwood  River.  Plates 
E-9  and  F.-12  show  the  details  of  the  pond  and  the  outlet  structures. 

48.  The  proposed  pond  and  gravity  outlet  were  studied  in  detail 
to  determine  the  maximum  pond  level  and  added  flow  into  County 
Ditch  No.  62.  For  this  analysis,  two  major  past  floods  --  the 
floods  of  1957  and  1969,  and  the  50-year,  100-year,  and  standard 
project  storms  were  considered.  Results  of  these  studies  are  pre¬ 
sented  in  the  following  paragraphs. 

49.  Unit  hydrograph  --  A  unit  hydrograph,  using  Snyder's  method, 
was  developed  for  the  57-acre  area.  The  following  parameters  were 
used  in  the  development  of  the  unit  hydrograph. 

A  •  0.089  square  miles. 

L  *  0. 756  mi les . 

t  *  0.897  hours. 

P 

C  *  0.469 
P 

Ct  «  1.4 

where  A  *  drainage  area 

L  «  length  of  channel  to  outlet 

t  *  lag  time  for  unit  rainfall  duration  to  peak  of  unit 
"  hydrograph. 

C  and  «  drainage  basin  characteristics  coefficients. 
Table  H-lOdepicts  30-minute  unit  hydrograph  ordinates 

Table  H-10  -  Unit  Hydrograph 


Time 

(hours) 

0  0.5  1.0 

1.5 

2.0  2.5 

Runoff 

(cf») 

0  12  30 

29 

18  11 
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'iO.  Precipitation  and  Precipitation  Excess  --  Rainfall  and  rain¬ 
fall  excess  values  for  the  1957  flood  were  obtained  from  an  ear¬ 
lier  flood  control  study  of  the  Redwood  River  at  Marshall,  Minnesota. 
Table  H-ll  shows  the  precipitation,  precipitation  excess  and  the 
computed  runoff  hydrograph.  The  initial  snow  pack  moisture  content 
for  the  1969  flood  was  obtained  from  data  gathered  during  field 
surveys  by  the  Corps  of  Engineers.  Snow  melt  computations  were 
based  on  mean  daily  temperature.  Rainfall  that  occurred  between 
8  and  15  April  was  added  to  the  snow  melt.  Precipitation  and  tem¬ 
perature  records  were  obtained  from  cl imatologic  data  recorded  by 
the  National  Weather  Service.  Table  H-12  depicts  the  precipitation  ex¬ 
cess  and  values  for  the  computed  runoff  hydrograph. 


Table  H-ll-  Precipitation,  Precipitation  Excess 
_ and  Runoff  Hydrograph  for  1957  Storm 


Time  . 

(hours)— 

3 

6 

9 

12 

15 

18 

21 

24 

27 

Rainfal 1 
(ins. ) 

0.48 

0.82 

0.62 

1.12 

1.50 

2.47 

0.38 

0.10 

0.05 

Loss 
(ins. ) 

0.48 

0.82 

0. 19 

0.22 

0.  15 

0.  15 

0. 15 

0.10 

0.05 

Rainfal  1 
Excess 
(ins. ) 

0.00 

0.00 

0.43 

0.90 

1.35 

2.32 

0.33 

0.00 

0.00 

T  i  me  in  hours  from  start  of  rainfall  on  June  16 
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Table  H-11*  Precipitation,  Precipitation  Excess 
and  Runoff  Hydrograph  for  1957  Storm 
_ (cont inued) _ 


!! 


* 

i 


Time  in  Hours—' ■ 

8.5 
9.0 

9.5 
10.  0 

10.5 
11  0 

11.5 

i:.o 

12.5 
13.0 

13.5 
14.0 

14.5 
15.0 

15.5 
16.0 

16.5 
17.0 

17.5 
18.0 

18.5 
19.0 

19.5 

20.0 

20.5 

21.0 

21.5 

22.0 

22.5 
23.0 


Runoff  in  cfs. 
0 
5 

13 

12 

8 

5 

3 

13 

28 

27 

17 

10 

5 

20 

42 
40 
25 

16 

8 

33 

72 

69 

43 
27 

14 
13 

15 
12 

8 

6 


Fiiaie  in  hours  from  start  of  rainfall  on  June  16. 
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Table  H-13  Precipitation,  Precipitation  Excess  and  Runoff 
_ _ [lydro^rajih  for  Hypothetical  Storm  _ 


Standard  Project 


50-Yr. 

Storm  Rainfall 

100-Yr . 

Storm  Rainfall 

Storm 

Rainfal 1 

T  irae 

in  . 

Hours— 

Rain¬ 

fall 

LU1±l1 

Rain¬ 

fall 

Excess 

(ins.) 

Run¬ 

off 

Rain¬ 

fall 

(L".8.: ) 

Rain¬ 
fall  Run- 

Excess  off 

.  iinU.  liliL 

Rain- 
fal  1 

Qn»-) 

Rain¬ 

fall 

Excess 

(ins.) 

Run  - 
of  1 
icfsj 

89.0 

0 

0 

0 

89.5 

0.335 

0.234 

3 

0.536 

0.375 

5 

0.353 

0.328 

4 

90.0 

0.165 

0.  116 

8 

0.264 

0.  185 

13 

0.187 

0.  162 

12 

90.5 

0.058 

0.033 

11 

0.125 

0.  100 

18 

0.126 

0.101 

16 

91.0 

0 . 042 

0.017 

9 

0.075 

0.050 

16 

0.075 

0.050 

14 

91.5 

0.  125 

0.  100 

7 

0.125 

0.100 

13 

0.  126 

0. 101 

12 

92.0 

0.075 

0.050 

7 

0.075 

o.oso 

11 

0.075 

0.050 

11 

92.5 

0.125 

0.100 

8 

0.125 

0.  100 

10 

0.260 

0.235 

11 

93.0 

0.075 

0.050 

8 

0.075 

0.050 

9 

0. 140 

0.115 

14 

93.5 

0.  190 

0.165 

9 

0.259 

0.234 

11 

0.260 

0.235 

16 

94.0 

0.108 

0.083 

11 

0.141 

0.116 

14 

0.  140 

0.115 

18 

94.5 

0.393 

0.368 

15 

0.393 

0.368 

18 

0.528 

0.503 

22 

95.0 

0.207 

0.  182 

20 

0.207 

0.182 

23 

0.273 

0.248 

29 

95.5 

1.934 

1.909 

43 

2.135 

2.110 

47 

2.739 

2.714 

61 

96.0 

0.966 

0.941 

83 

1.065 

1.040 

91 

1.361 

1.336 

117 

96.5 

92 

102 

131 

97.0 

67 

73 

95 

97. S 

41 

45 

58 

98.0 

24 

26 

33 

98.5 

14 

16 

20 

100.0 

8 

9 

12 

100.5 

4 

5 

6 

101. 0 

3 

3 

4 

101.5 

3 

3 

4 

102.0 

1 

1 

1 

102.5 

0 

0 

0 

^Hypothetical  flood  tiM  -  accumulative  hours  to  end  of  period. 
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51.  Future  Storms  -  Rainfall  and  rainfall  excess  values  for  the 
50-year,  100-year  and  the  standard  project  storm  were  computed  ac¬ 
cording  to  the  method  described  in  EM  1110-2-1410.  These  storms 
resulted  in  a  peak  discharge  of  92  cfs,  102  cfs  and  113  cfs  re¬ 
spectively.  Table  H-13  depicts  the  precipitation,  precipitation 
excess  and  runoff  for  these  storms. 

52.  Other  Past  Storm  -  Other  past  storms  considered  but  not  an¬ 
alyzed  in  detail  are  the  June  1947  and  June  1952.  The  June  1947 
storm  had  a  total  precipitation  of  2.86  inches.  The  June  1952 
storm  resulted  in  a  total  precipitation  of  2.13  inches.  None  of 
these  storms  have  the  intensity  of  the  1957  storm  or  the  runoff 
magnitude  of  the  1969  snow  melt.  Consequently,  they  were  dropped 
from  further  consideration. 

53.  Collector  Ditch  -  The  collector  ditch  was  designed  to  accom¬ 
modate  the  runoff  from  the  50-year  storm.  In  determining  the 
capacity  of  the  collector  ditch,  the  peak  discharge  of  92  cfs  has 
been  prorated  along  the  length  of  the  levee.  The  collector  ditch 
would  have  a  slope  of  0.00167  feet/foot  and  0.00256  feet/foot  be¬ 
tween  levee  stations  62  ♦  00  to  50  ♦  10  and  50  ♦  10  to  29  +  20 
respectively.  The  bottom  width  would  be  7  feet  and  9  feet  between 
levee  stations  62  ♦  00  to  38  ♦  00  and  38  ♦  00  to  29  ♦  20  respec¬ 
tively  The  ditch  side  slopes  would  be  1  vertical  on  3  horizontal. 

Two  24-inch  R  C  P  culverts  would  pass  ditch  flows  under  County 
Highway  67.  The  protected  land  area  on  the  east  side  of  the  pond¬ 
ing  area  either  slopes  towards  County  Ditch  62  or  towards  the  pond. 
Thus  a  collector  ditch  is  not  needed  in  this  area. 

54.  The  maximum  recorded  runoff  occurred  during  the  1969  snow  melt. 
The  1969  snow  melt  (tableH-12}  between  April  2  and  15  resulted  in 

6  4  inches  of  runoff.  This  would  require  approximately  30.4  acre-feet 
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of  storage.  As  shown  on  plate  H-15,  the  design  storage  capacity 
of  the  proposed  pond  including  the  collector  ditch  is  approximately 
3t>  acre-feet.  I  he  SQ-vear,  lOU-year,  and  standard  project  storms 
would  result  in  4.35,  5.06,  and  6.29  inches  of  runoff  respectively. 
These  storms  would  require  20.65,  24.03,  and  29.89  acre-feet  of 
storage  respectively.  Thus,  the  Standard  Project  Storm  runoff  or 
the  largest  recorded  historical  runoff  could  be  stored  in  the  pro¬ 
posed  ponding  area. 

>'>.  Outflow  from  Ponding  Area  -  ihe  outflow  from  the  ponding  area 
into  County  Ditch  62  would  be  via  an  800-foot  long  by  24-inch  dia¬ 
meter  R  C  P  pipe  and  would  be  controlled  by  a  gate  well.  Proposed 
gate  operating  procedure  requires  that  the  gate  well  would  not  be 
opened  until  the  water  level  in  County  Ditch  62  recedes  to  the  crown 
of  the  outlet  pipe.  With  the  maximum  water  surface  in  the  pond  and 
the  water  surface  in  the  County  Ditch  at  the  crown  of  the  outlet 
pipe,  the  peak  outflow  would  be  approximately  13  cfs.  It  would  take 
approximately  2-1/2  days  for  the  pond  to  drain  out  completely  . 
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FOUNDATIONS  AND  MATERIALS 

SUBSURFACE  EXPLORATION  AND  TESTING 


56 .  Soil  borings  were  taken  in  the  upstream  sector  of  the  project 
and  si*  in  the  downstream  sector  to  determine  the  levee  foundation 
profile.  Two  borings  were  taken  at  the  location  of  the  overflow 
:hannel.  All  borings  were  20  feet  deep  and  taken  by  a  truck-mounted 
rig.  Three-inch  diameter  tube  samples  were  obtained  at  most  holes. 
The  borings  are  shown  on  plates  E-l  thru  E-3  and  E-9  thru  E- 11. 

57.  Laboratory  testing  of  subsurface  samples  included  29  moisture 
content  and  Atterberg  limit  determinations,  33  graduations,  and  11 
Q-triaxial  tests  on  undisturbed  samples.  The  results  of  these  tests 
are  shown  on  tables  H-15  and  H-lfe  and  Plates  H-20  thru  H-51. 

SUBSURFACE  PROFILE 


58.  The  si r face  profile  at  Marshall  is  quite  variable.  The  levee 
sites  were  divided  into  9  typical  reaches  based  on  the  subsurface 
profile  and  surface  geometry.  The  limits  of  these  reaches  are 
shown  on  plate  H-17.  Borings  for  reaches  8  and  9  found  cohesive 
soil  throughout  the  full  depth  of  the  boring.  Borings  in  reaches 
1,  3,  4,  5  and  7  show  a  pervious  tone  greater  than  5  feet  thick 
and  a  semi -pervious  tone  overlying  it.  The  semi -pervious  zone  is 
greater  than  5  feet  thick  except  in  reaches  1  and  3.  The  boring 
in  reach  1  shows  mostly  cohesive  soil  and  a  3-foot  seam  of  slight¬ 
ly  pervious  material  while  reach  6  appears  to  have  13  feet  of 
pervious  material  overlying  cohesive  material.  Cohesive  soils  in 
the  project  area  are  generally  low  plasticity  clays  with  moisture 
contents  ranging  from  IS  percent  to  40  percent  and  liquid  limits 
from  25  to  60.  Pervious  soils  in  the  area  range  from  medium  sands 
to  silty  sand.  01Q  sizes  range  as  high  as  .37  mm. 
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SEEPAGE  ANO  UPLIFT 

GENERAL 

59.  Methods  for  development  of  the  various  constants  and  analyses 
for  seepage  and  uplift  pressures  were  taken  from  Technical  Memoran¬ 
dum  No.  3-424,  Volume  1,  "Investigation  of  Underseepage  and  Its 
Control  -  Lower  Mississippi  River  Levees  by  Waterways  Experiment 
Station,  Vicksburg,  Mississippi,"  October,  19S6.  As  described  under 
the  heading  "Subsurface  Profile",  the  foundation  conditions  for  the 
levee  generally  consist  of  an  impervious  to  a  semi-impervious  blan¬ 
ket  overlying  a  relatively  pervious  sand  zone. 

hi).  Average  horizontal  permeabilities  (k^)  of  the  pervious  strata 
were  determined  by  using  the  method  shown  on  plate  H-lb.  Values  of 
used  in  the  analysis  were  determined  from  the  L)^  grain  sizes  of 
field  pumping  tests  as  summarized  on  figure  17,  page  51,  TM3-424. 

In  this  analysis,  the  various  layers  of  soil  making  up  the  top  stra¬ 
tum  were  transformed  to  a  single  blanket  with  a  permeability  equal 
to  that  of  the  most  impervious  stratum  as  illustrated  by  the  sample 
calculation  on  plate  H-J6.  Plate  2i-L6  also  summarizes  the  major 
parameters  used  in  seepage  and  uplift  analysis,  along  with  the  re¬ 
sults  Values  of  ky  were  based  on  data  suggested  in  table  38,  page 
265,  TM  3-424  according  to  soil  classification  and  total  thickness 
of  blanket  to  the  bottom  of  each  stratum. 

UPLIFT  PRESSURES 


61.  Uplift  pressures  were  analyzed  using  hydrostatic  pressures 
caused  by  a  water  surface  et  the  top  of  the  flood  barrier.  The 
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blanket  in  reaches  1  and  3  was  considered  to  be  so  thin  that  it 
probably  would  not  be  continous  or  effective  in  causing  uplift 
pressures.  There  is  no  uplift  problem  in  reaches  8  and  9  since 
the  subsurface  is  mostly  clay.  The  factor  of  safety  for  reach  7 
is  2.1.  This  is  dependent  on  the  blanket  being  continuous  through¬ 
out  the  surrounding  area,  giving  an  S  distance  of  400  feet.  This 
assumption  seems  to  be  justified  since  all  borings  in  the  down¬ 
stream  area  show  as  great  or  greater  depth  of  clay.  This  assump¬ 
tion,  however,  will  be  verified  by  more  borings  prior  to  construc¬ 
tion.  The  factor  of  safety  in  all  other  reaches  was  calculated 
to  be  greater  than  1.5  and  these  reaches  were  consequently  consid¬ 
ered  to  be  safe.  A  unit  weight  of  110  pcf  for  the  semi-pervious 
zone  was  used  for  all  uplift  calculations. 

NOTATIONS 


62.  Notations  used  in  the  relief  well  design  shown  on  plate  C-26 
are  as  follows: 


c  A  constant  for  natural  top  stratum  where  c  = 


1/2 


tffective  grain  size,  10  percent  of  grains  smaller  than 
stated  size 

d  Thickness  of  each  stratum  comprising  pervious  substratum 
0  Total  thickness  of  the  pervious  substratum 
F  Factor  of  safety  against  uplift 
g  Acceleration  due  to  gravity 

H  Total  net  head  on  levee,  or  height  of  top  of  flood  barrier 
above  average  low-ground  surface,  or  tail  water,  landward 
of  levee 

h&  Allowable  (net)  head  beneath  landside  top  stratum 
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Hj^.  Total  net  head  on  levee,  height  of  design  water  surface, 

♦  above  average  low-ground  surface,  or  tail  water,  landward 

of  leve-' 

k^  Vertical  permeability  of  top  stratum 
K  ^  Permeab i 1 1 1 v  of  pervious  foundation 
kj  Horizontal  permeability  of  individual  strata 
k^  Vertical  permeability  of  individual  strata 
L  Length  of  reach 

h,  Horizontal  width  of  levee  from  landward  toe  to  riverward 

t  l)C 

Total  unit  seepage  within  a  reach 
Q  Total  seepage  within  a  reach 
S  Distance  from  landside  toe  of  levee  to  effective  source 
of  seepage  entry 

X^  Distance  from  landside  toe  of  levee  to  effective  seepage 
ex  1 1 

z  Total  thickness  of  top  stratum 
z^  Transformed  thickness  of  top  stratum  (for  seepage) 
z^  Thickness  of  landside  top  stratum  (for  uplift) 
m  Moist  unit  weight  of  soil 
w  Unit  weight  of  water 

SEEPAGE 


hi.  In  all  reaches  seepage  quantities  were  computed  using  maximum 
hydrostatic  pressures  at  the  design  water  surface  as  follows: 
a.  In  reach  6,  where  no  blanket  was  defected,  seepage  was 


calculated 


Os 
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by: 

7.48  L  I.H  D 
*  f  ws 

L2  ♦  .86  D 


(gpm) 


b.  In  all  other  reaches  seepage  is: 
_  .  7.48  L  K.  Dll 

Q=  =  >-q  * _ L_  J15. 

s  s  ♦  x. 


total  seepage  quantities  are  shown  on  plate  H-16. 


STABILITY 

64.  The  levee  foundation  is  a  variable  mixture  of  cohesive  and 
non-cohcsive  soils.  Since  no  strikingly  weak  stratum  were  detec¬ 
ted  by  the  borings,  the  stability  section  was  chosen  at  a  location 
where  the  geometry  was  most  critical.  This  occurred  in  reach  6 
near  boring  7S-3SM.  The  soil  constants  used  and  problem  geometry 
arc  shown  on  plate  H-16.  The  undrained  strength  of  the  foundation 
clay  was  based  on  Q-triaxial  tests,  estimated  to  be  at  the  lower 
one-third  point  of  the  range.  The  drained  parameter  of  the  sand 
was  estimated  from  blow  counts.  The  undrained  strength  of  the  em¬ 
bankment  and  OH  layer  were  conservatively  estimated  based  on  test¬ 
ing  for  other  projects.  Safety  factors  were  calculated  with  the 
aid  of  a  digital  computer  conforming  with  the  methods  stated  in 
EM  1110-2-1902  for  the  end  of  construction  case  for  circular  and 
noucircular  arcs.  The  critical  factor  of  safety  was  1.25.  This 
was  considered  satisfactory  since  it  is  the  factor  of  safety  for 
a  natural  sand  slope  calculated  by  the  infinite  slope  formula. 

Any  failure  associated  with  this  formula  would  be  only  a  surface 
slough.  The  factor  of  safety  for  all  arcs  through  the  levee  were 
well  in  excess  of  1.3. 
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CHANNEL  SIDE  SLOPES 


<>ri.  With  two  exceptions,  channel  side  slopes  of  IV  and  3H  are 
proposed  for  channel  improvement s  along  the  existing  river  channel. 
Hie  riverward  --lope  of  the  gabion  and  riprapped  surfaced  overflow 
weir  would  be  IV  on  2.SH.  Riprapped  channel  side  slopes  immediate¬ 
ly  downstream  of  the  C.S.A.H.  7  bridge  would  also  be  IV  on  2.SH. 
Channel  side  slopes  along  the  overflow  channel  would  be  IV  on  6H 
on  the  h  ighw  ay  shoulder  slope  and  IV  on  4H  on  the  back  slope  to 
meet  highway  safety  design  criteria.  Other  reaches  of  the  channel 
would  have  IV  on  6H  side  slopes  to  permit  movement  of  farm  machin¬ 
ery.  The  channel  reach  along  the  highway  right-of-way  would  also 
have  a  parabolic  channel  bottom  in  conformance  with  highway  safety 
standards . 


LEVEE  EMBANKMENT 


Levee  side  slopes  would  be  IV  or  311  in  all  cases  except  at 
the  overflow-diversion  structure  where  both  the  riverward  and  land 
ward  side  slopes  would  be  IV  on  2.SK  and  along  three  short  levee 
reaches  in  close  proximity  to  residences.  At  these  locations,  the 
landward  slope  would  be  an  irregular  flattened  slope  to  better 
blend  the  levee  into  the  natural  setting.  Where  not  otherwise  pro 
tected,  all  levee  slopes  and  crowns  would  be  topsoiled  to  a  six- 
inch  depth  and  seeded  with  selected  grasses. 
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INSPECTION  TRENCH 


67.  To  insure  that  there  are  no  buried  pipes,  drain  tiles,  sand 
lenses,  or  other  items  beneath  the  levee  foundation  which  would 
cause  unforeseen  seepage,  it  will  be  necessary  to  inspect  the  foun¬ 
dation  to  a  depth  of  6  feet  below  the  ground  surface  whenever  the 
neight  of  the  levee  is  greater  than  5  feet  for  a  significant  length 
of  levee.  Reaches  1  and  3  will  be  inspected  regardless  of  levee 
height.  Such  an  inspection  will  be  accomplished  by  several  means. 

In  areas  where  the  channel  excavation  is  directly  adjacent  to  the 
levee  alignment,  the  open  face  on  the  channel  cut  will  serve  the 
purposes  of  an  inspection  trench.  In  other  areas  where  feasible, 
the  excavation  for  the  installation  of  the  interior  drainage  sys¬ 
tem  will  be  deepened  to  a  depth  of  6  feet  for  inspection  and  then 
backfilled  to  the  grade  required  for  the  interior  drainage  systems. 
In  areas  where  neither  the  channel  excavation  nor  the  excavation 
for  interior  drainage  will  serve  for  foundation  inspection,  a  trench 
with  a  6-foot  bottom  width  will  be  excavated  beneath  the  levee  and 
backfilled  with  impervious  fill. 


SLOPE  PROTECTION 


68.  Where  proposed  levees  are  from  20  to  50  feet  from  the  channel 
bank,  the  levee-ward  channel  side  slope  would  be  riprapped  up  to 
the  top  of  the  channel  banks  along  reaches  where,  at  design  dis¬ 
charge,  velocities  in  excess  of  4  feet  per  second  occur.  Where 
the  riverward  levee  side  slopes  are  extensions  of  the  channel  side 
slopes,  these  slopes  would  be  riprapped  up  to  the  top  of  the  levee. 
The  left  channel  bank  within  100  feet  of  the  Burlington  Northern 
Railroad  embankment  (stations  27  ♦  SO  and  52  ♦  00)  would  also  be 
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riprapped  Hie  entire  channel  cross-section  would  be  riprapped  a 
distance  of  30  feet  upstream  and  50  feet  downstream  of  the  C.S.A.II. 
7  bridge.  Riprap  would  be  provided  to  the  design  water  surface 
elevation  over  the  channel  transition  at  the  gabion  drop  structure. 
Riprap  would  also  be  provided  on  the  widened  right  channel  bank 
reach  below  the  downstream  confluence  of  the  existing  diversion 
channel . 

fi'i.  Required  riprap  sizes  would  range  from  12  to  18  inches.  Table 
H-14  shows  the  riprap  gradation  and  thickness  needed  at  the  various 
locat ions . 


Table  H-14  Riprap  Type,  Gradation,  and  Layer  Thickness 


Percent 

Lighter 

Limits 

of  Stone  Weight 
Pounds 

Layer  Thickness 

100 

26  -  10 

12  inches  above  water 

50 

11  -  5 

surface  and  18  inches 

15 

5  -  2 

below  water  surface. 

100 

8b  -  35 

12  inches  above  water 

50 

26  -  17 

surface  and  18  inches 

15 

13  -  5 

below  water  surface. 

-Same  as 

B . 

12  inches. 

100 

56  -  35 

18  inches. 

50 

36  -  17 

IS 

18  -  5 
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70.  The  above  riprap  design  was  determined  from  guidance  con¬ 
tained  in  EM  1H0-2-1601  and  ETL  1110-2-120.  Design  conditions 
were  based  on  the  133-year  flood.  Riprap  design  shear  is  based  on 
channel  and  levee  side  slopes  of  1  on  3  at  all  places  except  in 
the  vicinity  of  the  C.S.A.H.  7  bridge,  where  the  channel  and 
levee  side  slopes  would  be  1  on  2.5  and  1  on  3  respectively. 


SOURCES  OF  CONSTRUCTION  MATERIAL 


BORROW 

71.  Required  levee  fill  for  the  upstream  reach  levees  would  be 
obtained  in  sufficient  quantity  from  the  required  channel  works. 
In  most  instances,  this  material,  after  removal  of  unsuitable 
material,  would  be  placed  directly  on  or  near  the  levee  align¬ 
ment  without  the  need  for  extensive  truck  haul.  Levee  fill  for 
the  downstream  reach  levees  would  be  obtained  from  the  channel 
widening  works,  collector  ditch  excavation,  and  proposed  ponding 
area.  Maximum  haul  distance  in  any  one  direction  would  be  0.9 
mile  from  the  proposed  ponding  area. 

RIPRAP  AND  BEDDING 


72.  Material  of  adequate  quality  for  riprap  and  bedding  can  be 
obtained  from  quartzite  or  granite  quarries  located  near  New 
Ulm,  Morton,  Sanborn,  and  Ortonville,  Minnesota.  The  haul  dis¬ 
tances  from  these  sources  range  from  44  to  80  miles,  and  the 
material  can  be  transported  by  truck  or  railroad.  Riprap  pre¬ 
viously  used  at  Marshall  was  fieldstone  obtained  from  the 
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immediate  Marshall  area.  The  availability  of  fieldstone  for  the 
proposed  project  has  not,  however,  been  determined. 


CONCRETE  AGGREGATE 


73.  Concrete  aggregate  of  suitable  quality  can  be  furnished  in 
the  required  quantities  from  local  suppliers. 


STRUCTURAL  DESIGN 


74 .  Structural  measures  included  in  the  proposed  improvements 
include  the  culvert  headvalls,  the  control  weir  on  the  overflow  di¬ 
version  structure,  and  the  gatowell  at  the  outlet  of  the  ponding 
area  drainage  conduit.  All  culvert  headwalls  would  be  cast  m 
place  and  involve  minor  amounts  of  reinforcing  steel 

T!  >40-foot  long  overflow  weir  control  device  would  involve  90 
cubic  yards  of  concrete  and  is  designed  to  withstand  overturning 
or  dislodgement  at  peak  discharges  as  shown  on  section  A-A, 
plates  E-3. 

75.  The  reinforced  concrete  gatewell  would  include  a  24- inch 
diameter  R  C  P  with  a  24-inch  by  24-inch  flat  back  sluice  gate 
and  a  manually  operated  gate  lift  system.  Other  features  would 
include  a  standardized  manhole  frame  with  cover,  and  safety  hand 
railing.  Structural  details  of  the  proposed  gatewell  are  shown 
on  plate  £-12. 
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CONSTRUCT  I  ON 


76.  Con st rue t ion  of  the  proposed  project  could  be  completed  in 
two  const ruct ion  seasons  Placement  of  the  arch  culverts  through 
the  Highway  23  embankment  would  require  the  restriction  and  di¬ 
version  of  highway  traffic  for  a  two  to  four-week  period.  Place¬ 
ment  of  the  collector  ditch  culverts  through  County  Highway  67 
would  require  traffic  control  for  a  few  days. 


OPERAT  ION  AND  MAINTENANCE 

77.  Operation  and  maintenance  of  the  project  would  include:  up¬ 
keep  of  levee  and  channel  slopes,  ponding  area,  and  collector  ditch; 
regular  mowing  of  selected  levee  and  overflow  channel  areas  exclud¬ 
ing  specified  ground  cover  for  wildlife  habitat;  periodic  inspection 
and  maintenance  of  riprap,  culvert  flap,  gates,  and  drop  structure 
culverts,  sediment  removal  from  the  roadside  park  and  overflow  chan¬ 
nel  as  required;  manual  operation  of  the  sluice  gate  at  the  ponding 
•ire. i  outlet  as  needed;  and  maintenance  of  the  service  roads  on  the 
levees.  Also  included  would  be  the  periodic  placement  of  the  two 
temporary  sandbag  closures  as  required  and  maintenance  of  the  recre¬ 
ational  facil.ties.  These  operation  and  maintenance  measures  would 
be  in  addition  to  the  present  responsibility  of  maintaining  and 
operating  the  existing  project.  The  average  annual  cost  of  the 
proposed  operation  and  maintenance  is  estimated  at  $9,000. 
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Table  H-13  ■  laboratory  Test  Data 


DATE:  OctobeT  13,  1975 


Boring 

No. 

Saaple 

No. 

Depth 
(in  Ft) 

Soil  Type 

Moisture 

Content 

(%) 

Liquid 

Linit 

(*) 

Plastic 

Limit 

C%) 

Plasticity 

Index 

7S-29M 

4 

S '  -6' 

Sandy  Clay  (CL) 

17.2 

36.1 

17.7 

18.4 

7S-29M 

S 

7V-8V 

Sandy  Clay  (CL) 

17.9 

31.0 

15.6 

15.4 

7S-S0M 

8 

12V-13V 

Silty  Clay  (CL) 

26.9 

35.2 

18.5 

16.7 

7S-30M 

13 

25*1* -26V 

Silty  Clay  (W-CL) 

37.1 

53.6 

32.5 

21.1 

7S-S1M 

3 

2V-3V 

Clayey  Silt  (ML-CL) 

6.2 

23.7 

19.0 

4.7 

75-31M 

9 

20* - 21 ’ 

Lean  Clay  (CL) 

28.1 

48  7 

20.3 

28.4 

7S-31M 

10T 

21 1 -23’ 

Silty  Clay  (CL) 

23.3 

29.7 

13.8 

15.9 

7S-32M 

9 

20’-21' 

Silty  Clay  (CL) 

34.4 

44.6 

20.0 

24.6 

7S-32M 

11T 

26' -28' 

Fat  Clay  (CH) 

40.9 

59.5 

25.9 

33.6 

7S-33M 
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Silty  Clay  (W-CL) 

27.7 

5S.I 

29.7 

25.4 

75-33M 

12 

25' -26' 

Silty  Clay  (CL) 

34.8 

46.5 

20.5 

26.0 

7S-33M 

13 

30' -31 ' 

Silty  Clay  (CL) 

21.1 

38.1 

21.2 

16.9 

7S-3SM 
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lo'-ir 

Organic  Silty 

Clay  (OH) 

64.3 

79.7 

«.l 

34  6 

7S-35M 

9T 

18' -19*!* 

Sandy  Clay  (CL) 

23.5 

38.7 

15.7 

23  0 

7S-3SM 

10 

20' -2 1' 

Sandy  Clay  (CL) 

23.7 

36.6 

17.6 

19.0 

7S-35M 
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25' -26' 

Clayey  Sand  (SC) 

18.5 

25.1 

19.9 

5.2 

7S-3SM 
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30'-31' 
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18.6 

28.5 

15.3 

13.2 

7S-36M 
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15'  - 16' 
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19.7 

34.6 

17.7 

16.9 

7S-38M 
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21.1 

30.4 

17.9 

12.5 
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1 S '  - 1 6 ' 

Sandy  Clay  (CL) 

17.6 

30.5 

16.4 

14.1 

75- 38M 

11 

15-16 

Sandy  Clay  (CL) 

15.4 

26.9 

14.8 

12.1 

7S-39M 

8T 

16' -18' 

Sandy  Clay  (CL) 

16.8 

27.9 

IS. 5 

12.4 

7S-40M 
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24' -3V 

Medium  Fat  Clay  (CH) 

22.6 

55.3 

22.7 

32  6 

75-40M 

3 

5'  -6' 

Medium  Fat  Clay 
(CL-CH) 

30.2 

46.5 

22.5 

24 .0 

7S-40M 

5T 

6'  -  74' 

Sandy  Clay  (CL) 

20.6 

28.7 

17.0 

11 .  / 

7S-40M 

7 

io'-ir 

Sandy  Clay  (CL) 

30.7 

39.0 

20.5 

18.5 

75-40M 

8 

124'-134' 

Sandy  Clay  (CL) 

16.8 

24.6 

15.9 

8  7 

75-40M 

10 

20' -21 ' 

Sandy  Clay  (CL) 

17.7 

27.6 

15.7 

11  9 

7S-41M 

3 

5'  -6' 

Sandy  Clay  (CL) 

19.2 

34.9 

17  ,6 

17  3 
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TRIAXIAL  TEST  DATA  Date  October  17'  1975  job  No.  21791 

REDWOOD  RIVER  •  MARSHALL.  MINNESOTA _ 

Boring  No.  .  75_~3.lll—  Sample  No.  - L2 _  Depth  (ft)  21-23  Typ>  nf  A:,mPi>  3T 

Soil  Typ.  Silty  Clay  (CL) _  Type  of  TeM  Unconsolidated  -  Undralned 

Remarks:  Samples  trimmed  to  given  lengths,  both  ends  plugged,  stressed  to  20%  str 

at  constant  rate  of  0.060"/m1n. 
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TRIAXIAL  TEST  DATA  Date  October  1  7,  1975  Job  No.  21791 

Projea  REDWOOD  RIVER  -  MARSHALL,  MINNESOTA _ 

Boring  No  _  Sample  No.  Depth  (ft)  1 '  ~1S  1/2-f y pe  0f  Sample _ 21— 

Soil  Type  Sandy  Clay  (CL) _ jypt  „f  Teil  Uncon;  cl  Ida  ted  -  Undrained 

Remarks:  Samples  trimmed  to  given  length;,  both  ends  plugged,  stressed  to  20X  stral 
at  constant  rate  of  0.060'7min. 


ft*  |T>* 


10  IS  JO 
Axial  Strain  (%) 


SPfcC  IMtN  NO 


Diameter  (ir.thes; 
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TRIAXIAL  TEST  DATA 


Datr  October  17,  1975 


Projec.  RE0W000  RIVER  -  MARSHALL,  MINNESOTA  _ _ 

Boring  No.  — _ 39M -  <,amp|e  fsj0  _ 8 _  Di  pili  (t. )  '  ‘  '  l yp>  nt  Sample. _  -3T _ 

Soil  Type__§iH^Z  O^y  (Ob)  Tvi'r  of  lost  bnconsol l dated  ~  Undrained 

Remarks  Samples  trimmed  to  given  length,  both  ends  plugged,  stressed  to  20%  of  strain 
at  constant  rate  of  0  0&0" 


)oh  No. 


H*ij(ti(  ‘ir-t'iesi 
Moistun*  l 


i)*v  Off  .i;  i  Pi  t 


Moisture  Content 


c  Drv  Densi»\  !P(  I  t 

•/  .  -  - 

£  Saturation  r  t 

Void  Ratio 

_  ttAcW  pfe**u“  t*SM 
Minor  Principal  Stress 


M^mum  Deviator  Stress 
UfUyjte  Deviator  Stress 


27.9  pi  12.4 


5  10  15  20  25  10 

Axial  Strain  l?b| 


Norm*!  Strei*  (T$F) 


NO.  SL-27  <7*  A) 
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NO  H  37  Uh-AI 


PLATE  H-36 


job  no _ zmi _ 

PROJECT  REDWOOD 


DEPTH  ut 

|“SURfACE  ElfVATiON  .. 


_ VERTICAL  SCALE  1"  *  4  ' _ 

m'ER  -  MARSHALL.  MINNESOTA 


Of  SCRIPT'ON  Of  MATERIAL 

GEOLOGIC 

N  __ _ _  _ _ j  ORIGIN 

lark  brownish  gray. 

iml-cl;  topsoil 


.LOO  OF  TEST  BORING  NO  7S-30M 


CLAYEY  SILT,  dark  brownish  gray, 
rather  stiff  ;ML-CL; 


SAMPLE  I  LABORATORY  TESTS 


N  WL  NO  TYPE 


CLAYEY  SILT,  dark  Lrown,  medium  i 

i’ML-CU  ' 

r  i  .vr 

ALLUVIUM 

SAND,  fine  grained,  light  brown, 
moist,  medium  dense,  lenses  cf  silty  i 

COARSE 

ALLUVIUM 

sand  1 SP-SMj 

1 

. . .  ,  ..  . . .  ■  i  .i  i...  - - i 

L-  _ _ _ 

SILTY  CLAY,  gray  and  brown,  medium, 
a  few  lenses  of  silty  sand  (CL) 

FINE 

LEAN  CLAY,  black,  medium 

\  CL) 

‘  ALLUVIUM 

; 

1 

SILTY  CLAY,  brown  mottled,  medium, 
some  lenses  of  silty  sand  and  silt 

■.CL) 

SILTY  CLAY,  gray  and  brownish  gray 
mottled,  mediun  to  soft,  a  few 
lenses  of  silty  sand 

(CL) 

SILTY  CLAY,  brownish  gray,  soft,  a 
few  lenses  of  silt/  sand,  a  few 
lenses  of  peat  below  26'  i MH-CL) 


SANDY  SILT,  gray,  wet,  loose,  a  few  COARSE 
lenses  of  silty  sand  and  waterbearing  ALLUVIUM 


warm  itvu  measure m*nt» 


9-5-7S 


9-S-7S 


II  . 


21791  I’rnnciu  soils  l"  *  _ too  Of  test  bc  mono  7S-31M 

REDK<’x5D  TTVlR  -  MARSHALL,  MINNESOTA  _ 


OE  Sr»iPT'ON  material 


o(<\uCatC 

)  (»Rir,iN 


SAMPLE  I  LA0OPATORV  TESTS 


|“SU«FACE  ELEVATION  _ j  ( ,H  l,IN 

~HLl.  mixture  b T 
'  CLAYEY  SILT,  dark  grayish  brown, 
rather  stiff  [Ml-C.l;  TOPSCTL 

2  - - 1 - 

1  CLAYEY  SILT,  dirk  brown,  medium  F.M- 

l ML- CL)  ;  ALLUVIUM 

J  1  SAND,  fine  grained,  light  brown, 

■  moist,  loose,  a  few  lenses  of  silty  Cr,\°SE 
sand  iSp-SMi  ■  ALl.il'.  HIM 


N  WL  NO  I  TVPF  I 

— LU—f — 
i  |i  ;ss 

12  |  2  SS 


3  I SS  I  6 


SILTY  SAND,  fine  grnnea,  grayish 
brown  and  biowr.,  ir.oist,  cr..  :oo-c, 

&  few  lenses  of  silt  <SM. 

SAND,  fine  grained,  brown,  moiSL, 
loose,  a  few  lenses  of  silty  sane. 

,  Sf  I  ; 

SAND,  fine  grained,  light  brown, 
moist,  loose  iSPj 


SAND,  medium  grained,  a  little  gravel 
I  light  brown,  moist,  dense,  a  few 
lenses  of  lean  clay  (Sr,  j 

«:  - t - 

LEAN  CLAY,  dark  gray  to  gray,  rather 
;  Stiff  ( CL  j  !  FINE 

ALLUVIUM 


If,  |  SS 


!b  !ss 


SILTY  CLAY,  light  grayish  brown 
mottled,  medium,  a  lenses  of  silty 
sand  below  22'  (CL) 


9  I SS  128 


10  ST  23 


SAND,  medium  grained  a  little 
|  gravel,  gray,  waterbearing,  medium 
i  dense  (SP; 


j  Note:  and  SILTY  CLAY,  a  little 
gravel ,  dark  brownish  gray  and  brown 


COARSE 

ALLUVIUM 


9  13  SS 
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■  OF  TEST  BORING  NO  .  7S-32M 


SCRIPT  [ON  Of  Mi  T  FRIAl 


m  r»i  ( irjir 

OHIfJlN 


I  ACE  ft  IVATiON  _  _ _  OHIO  IN 

CLAYEY  SILT,  dark  browni  ,li  or sy,  soTt 

|  _ _ 'MT-Cli  TOPSOIL 

'  CLAYEY  SILT,  darklirown.  medium  _ 

_ _ _ _ _  gMT)  ;See  Vote: 

i  SAND,  medium  to  i'ne  grained,  a  ! 

|  little  graiei.  brown,  moist,  .  ocse  i  COURSE 

(  to  medium  dense,  some  .enses  01  j  ALLUVIUM 

]  silty  sand  and  siity  cUy 
!  (SP-SM)  j 


SAND,  medium  grained,  a  little 
gravel,  light  brown,  moist,  dense 


I  COARSE 
•  ALLUVIUM 


SAMPLE  I  LABORATORY  TESTS 


LEAN  CLAY,  a  trace  of  gravel,  dark 
gray,  soft  (CL)  !  ALLUVIUM 


|  SILTY  SAND,  medium  grained,  a  little  rOARSE 
j  gravel,  brown,  moist  to  wet,  loose,  aiiuvium 
j  a  few  lenses  of  silty  clay  and  moist 
:  to  waterbearing  sand  (SM) 


ORGANIC  SILTY  CLAY,  dark  gray,  soft 
with  some  lenses  of  brownish  gray,  I  DEPOSITS 


SILTY  CLAY,  gray,  soft 


FAT  CLAY,  gray  and  brown  mottled, 
medium  fCH) 


Note:  FINE  ALLUVIUM 


End  of  Boring 


•ATM  LIVtL  MASLHWMMTS 


ALLUVIUM 


•AMO  DEPTHS  "ntl 


IKSldl 


IK2ZB 


PLATE  H-38 


_ LOO  Of  TEST  BORING  NO  7S-34M 


JOB  NO  _  >1791  _ _ _ VERTICAL  SCALE  1"  *  4* 


REDWOOD  RIVER  MARSHALL.  MINNESOTA 


DEPTH 

DESCRIPTION  OF  MATERIAL 

GEOLOGIC 

ORIGIN 

— 

r 

SAMPLE 

LABORATORY  TESTS  j 

1"“ 'SURFACE  f  l  E  V  AT  ION 

N 

WL 

NO 

TYPE 

L  L 

Qu 

♦ 

0 

PL 

2 

CLAYEY  SILT,  dark  brownish  grav,  soft 

!.'ll.-<  L) 

TOPSOIL 

7 

* 

l 

ss 

SILT,  brown,  moist,  loose,  some 
lenses  of  silty  clay  and  sand 

r 

2 

SS 

7 

(ML) 

FINE 

ALLUVIUM 

6 

3 

ss 

SILTY'  CLAY,  brown  and  gray  mottled, 

9*s 

medium,  some  lenses  of  silty  sand 
and  sand  (CL) 

6 

4 

ss 

SILTY  CLAY,  brownish  gray  and  brown 
mottled,  rather  stiff  (CL) 

10 

5 

ss 

12*i 

SILTY  CLAY,  brown  and  gray  mottled, 

ss 

soft,  a  few  lenses  of  silty  sand  and 

16 

waterbearing  sand  CL) 

7 

ss 

SILTY  CLAY,  gray,  medium 

8 

3T 

(CL-CH) 

9 

3T 

25 

•Note:  Water  level  is  expected  to 
rise  to  depth  of  about  13'  based  on 
observation  while  sampling. 

5 

10 

ss 

SAND,  fine  to  medium  grained,  a 

COARSE 

ALLUVIUM 

6 

11 

SS 

M*A. 

27 

lo$$ie  gr,ve1’  *r,y'  watem?ii?g' 

SAND,  medium  grained,  a  little 
gravel,  brown,  waterbearing,  medium 
dense  (SP) 

15 

12 

SS 

MtA 

31 

End  of  Boring 

_ 

u 

_ 

_ 

_ 

|  WATER  LEVEL  MUtUMtMSNTf 

start  9-6-75 _  _ _  complkh  9-6- 7 S 

OAT* 

TMC 

AAMPliP 

Of  ATh 

- - 

CASINO 

OSPYN 

CAYt  t* 
DfPTH 

BAILCO  OCPTHB 

WATffl 

LCVtL 

hoc  3li  HSA  O'  -  29*i '  1*  9:10 

9*6 

IflilQ 

-111 _ 

-29 hi— 

to 

-22i _ 

a.  a 

aitn 

31  • 

12N' 

»o 

Nona 

N> 

cRtwcMa,  Haaedorn _ 

lo 

PLATE  H-41 


VERTICAL  SCALE  . 


redwood  r;  vfk  :  marshall,  Minnesota 


LUSCRIPTION  Of  MATERIAL 


"SURFACE  ELEVATION  . 


|  FILL,  mixture  of  SAND  and  SILTY  SAND,| 
l  brown  and  gray  sh  brow.) 


GEOLOGIC 
_ I  ORIGIN 


.  LOG  OF  TEST  BORING  NO  75-3SM 


SAMPLE  I  LABORATORY  TESTS 


N  «L  NO  TYPE 


13  1  SS 


CLAYEY  SAND,  a  trace  oi  gravel,  dark  i 

i  grayish  brown,  stiff _ (SC j . j 

SAND,  mediam  to  tin*  gra.ned,  a 
little  gravel,  brown,  moist,  loose,  j 
a  few  lenses  of  ,.-t,  sand  and  clayey 
sand  iSP-SM) 

SAND,  fine  grained,  grayish  brown,  \ 

moist  to  S’  t  e •'  waterbearing,  ! 

loose,  a  few  lei-  v>  ut  s.liy  sand 
_-»H<Lprgajii_<,  >.iJLti'_i lav  iSP-SM; _ .4. 

ORGANIC  S I  LTV  Cl-AY  .  b.'ack,  soft  I 

OH)  ; 

1  SAND,  medium  to  eoa?  *  grained,  |” 

with  gravel,  black,  watc  nearing,  [ 

very  loose  '.3PJ 


SILTY  SAND,  fine  grained,  brown  and 
gray  mottled,  wet,  very  loose 

(SM) 


TOPSOIL 

COARSE 

ALLUVIUM 


SWAMP 

DEPOSITS  | 


COARSE 

ALLUVIUM 


n  . 


SANDY  CLAY,  a  little  gravel,  brown 
and  a  little  light  gray  mottled, 
medium  to  rather  stiff,  a  few  lenses 
of  waterbear  ’  r.g  s  att-I  ,  CLj 


CLAYEY  SAND,  a  little  gravel,  gray 
and  brown  mottied,  stiff,  a  few 
lenses  of  waterbearing  sand 

-SC] 

SANDY  CLAY,  a  little  gravel,  gray, 
rather  stiff  iCl; 


*  No  measurement  recorded 


varan  imi  iNAtuatiMWTt 


BAILED  DEPTH* 


23  11  SS 


TMir  method  3%  HSA  0 
8' 


JOB  NO  21791  _ __  _ VERTICAL  SCAi  E 

project  _ REDWOOD  RIVER  -  MARSHALL.  MINNESOTA 


.LOG  Of  TEST  BOHiNG  NO  .  ~  l  _ 


nFPTH  Utsi4nirnupi  vjp  i  i  SAMPLE 

GEOLOGIC  l— - - 

HIT  |  r*SURF»Cl  fUVRNON . . _  _  ORIGIN  |  N  |  wl  T¥pt 

FILL,  mostly  SANDY  CLAY,  a  little  j  [  .  ! 

SILTY  CLAY  and  gravel,  brown,  brown-  I  FILL  I  ^  j  I  I  j ^ 

ish  gray,  and  black  j  ill! 


Of  SCRIP!  ION  01  MWTFRI*! 


Gf  OLO'.IC 
ORIGIN 


STlTV  CLAY',  dark  brown  and  gray  mot~ 
tied,  soft,  some  lenses  of  silty 
j  sand  and  sand  fCI.) 

SAND,  medium  to  coarse  gia.ned,  some 
gravel,  brown,  waterbearing,  medium 

_  . _ 

1  SANDY  CLAY,  a  little  gravel,  brown 
1  mottled,  rather  sc  iff,  a  few  lenses 
of  waterbearing  sand  (CL) 


FINF 

ALLUVIUM 

COARSE ~ 
ALLUVIUM 


16 . . - . 

J  SANDY  CLAY,  a  little  gravel,  gray, 
rather  stiff,  some  lenses  of  water¬ 
bearing  sand  below  18' 

(CL) 


End  ot  boring 


*  Note:  Water  level  is  expected  to 
rise  to  depth  of  about  9's'  based 
on  obseivauoii  while  -.aapfing. 

**  High  blow  count  due  to  encounter 
of  grave]  or  small  boulder 


I  ! 


warm  uvtt  maiu*cmmt* 


I 


SOM. 

JOB  NO 

^*A  VERTICAL 

V1  «  A’ 

SCALE  1  LOG  OF  TEST  BORING  NO  °0ri 

PROJECT  _ 

REDWOOD  R1YLR  -  MARSHALL,  MN 

geologic 

ORIGIN 


LEAN  CLAY,  a  truce  of  gravel,  dark 

Brownish  arav.  medium  _ i'CLl _ TQPSQLL 

LEAN  CLAY ,  d  trace  of  gravel,  grayish/ 
brown,  medium  (CL) 

SAND1  (LAI ,  a  liule  gravel,  brown  ' 
mottled,  medium  to  rather  stiff 

(CL)  TILL 


Sample  I  labooatopv tests 


Ou 


SANDY  Cl.  A'.  ,  i  ltrle  gravel,  gray 
and  brown  mottled,  rather  stiff 

'CL) 


SANDY  CLA> ,  a  i.ttle  gravel,  gray, 
rather  stiff  (CL) 


Lnd  or  Korin? 


*  Piinwall  tube  sample  obtained 
from  adjacent  seconder)  boring 

Note  *1.  brownish  gra' 


21  — 
18 


WATI*  l am  —  atUHtMUTl 


St  ART  9-4  -  7S _ COMPLETE  1"^  ?7.§_ 


MfTHOO  3%  HSA  0'  -  19%' 


r  TTZT-' 


_  VERTICAL  scale  _ 


.LOG  OF  TEST  BORING  NO  75-4QM 


DESCRIPTION  OF  MATERIAL 


GEOLOGIC 

ORIGIN 


SAMPLE  I  LABORATORY  TESTS 


FEET  ^“SURFACE  ELEVATION _ . _ 


WATt*  LCVCL  I 


SAMPLED  CASPKJ  CAVf  «N 
DEPTH  j  OCPTH  j  DEPTH 


AAlLEO  DEPTHS 


CREW  CHIEF  Hag  ©do  m 


PLATE  H-47 


TTT TTZT. 


_  VERTICAL  SCALE  1"  m  4* 


_  LOG  OF  TEST  BORIWG  NO 


OfcPTM 

IN 

FEET 

DESCRIPTION™  MATERIAL 
J""SURFACE  ELEVATION 

1  GEOLOGIC 
i  ORIGIN 

2 

MEDIUM  FAT  CLAY,  ‘'lack,  medium 

S  .Tin  1 

TOPSOIL 

1  ‘  1 
>  SANDY  CLAY,  a  little  grave!,  brown 

and  light  grayish  b ■ ■ - n  mottled, 
j  rather  stiff  :c  flto  .iav.it  ff.  lenses 

1  of  silty  sand  and  wate.-iearing  sand 

I  below  6*s'  (TL1 

r 

TILL 

; 

! 

SAMPLE  I  LABORATORY  TESTS 


TYPE 


SAND,  fine  grained,  a  trace  of 

gravel,  brown,  wateioeanng,  medium  ! 

dense  r.SP-SM)  !  COARSE 

;  ALLUVIUM 


SAND,  fine  to  med;  un  grained,  a 
little  gravel,  grayish  brown,  water¬ 
bearing,  dense  (SP-SM) 


SAND,  fine  grained,  a  trace  of 
gravel,  gray,  waterbearing,  dense,  a 
few  lenses  of  silty  sand  (SP) 


I  SANDY  CLAY,  a  little  gravel,  gray, 
rather  stiff,  a  lense  of  sand  at 
..jabout-itL'-  - ,  Civ- — — 

I 

j  Hud  of  B-jr«ng 


start  -  9*3-75 


Mftnoo  3*  HSA  0 


9-3-7S 


mEBII 


dwwcHiir  Higidom 


PLATE  H-48 


GENERAL  NOTES 


DRILLING  6.  SAMPLING  SYMBOLS 


LABORATORY  TEST  SYMBOLS 


SYMBOL 

DEFINITION 

SYMBOL 

DEFINITION 

C  S 

Continuous  Sampling 

W 

Moisture  content  percent  of  dry  weight 

P  D 

2  3  8"  P'pe  Drill 

D 

Dry  density  pounds  per  cubic  foot 

C  0 

3*  HSA 

Cleanout  Tube 

3V*  1  D  Hollow  Stem  Auger 

LL  PL 

Liquid  and  plastic  limits  determined  m 
accordance  with  ASTM  D  423  and  0  424 

4  F  A 

6  FA 

2' i  C 

4C 

4“  Diameter  Flight  Auger 

6“  D'ameter  Flight  Auger 

2’:"  Casing 

4“  Casing 

Qu 

Ur >r.cjn fmed  compress *ve  strength-pounds 
square  foot  m  accordance  with  ASTMD21 

Additional  insertions  in  Qu  column 

D  M 

Drilling  Mud 

Pq 

Penetrometer  read  mg-  tons /  square  foot 

J.  W. 

Jet  Water 

Ts 

Torvane  reading- tons  square  foot 

H  A 

Hand  Auger 

r, 

S|ter; if tc  gravity  -  ASTM  D  854-58 

NXC 

Sue  NX  Casmg 

SL 

Shrinkage  limit  -  ASTM  D  427-61 

BXC 

Size  BX  Casmg 

pH 

Hydrogen  ion  content  meter  method 

AXC 

S'/e  AX  Casing 

0 

0‘ganic  content -combust ton  method 

SS 

2"  O  D  Spl't  Spoon  Sample 

M  A  ‘ 

Gram  si/e  analysis 

2  T 

2"  Thm  Wall  Tube  Sample 

c* 

One  dimensional  consolidation 

3T 

3“  Thm  Wall  Tube  Sample 

Qc*  Tnaxial  compression 

•See  attached  data  sheet  and  or  graph 

WATER  LEVEL 

SYMBOL  -  X 

Water  level s  shown  on  the  boring  logs  ere  (be  levels  measured  »n  the  borings  at  the  time 
and  under  the  conditions  indicated  In  sand  the  indicated  levels  can  be  considered 
renabie  ground  water  levels  In  clay  soil,  it  is  not  possible  to  determine  the  ground 
water  level  wtthm  the  normal  scope  of  a  test  boring  investigation  except  where  lenses 
or  layers  of  more  pervious  waterbearing  sod  are  present  and  then  a  long  period  of  time 
may  be  necessary  to  reach  equilibrium  Therefore  the  position  of  the  water  level  symbol 
for  cohesive  or  mixed  texture  sods  mey  not  indicate  the  true  level  of  the  ground  water 
table  The  available  water  level  information  «s  given  at  the  bottom  of  the  log  sheet. 


DESCRIPTIVE  TERMINOLOGY 


DENSITY 


CONSISTENCY 


TERM 

“N”  VALUE 

TERM 

"N**  VALUE 

Very  loose 

0  4 

Soft 

0-4 

looee 

5  8 

i  Medium 

5-8 

Medium  Dense 

9  15 

Rather  Stiff 

9-15 

Dense 

16  30 

si'll 

16-30 

Very  Dense 

Over  30 

Very  Stiff 

Over  30 

Standard  ”N"  Penetration  Blows  per  foot  of  a  140  pound  hammer  falling  JO  inches  on  a  2  inch  00  split  spoon. 


M-4'TOAI 


relative  proportions 


TERM 

RANGE 

Trace 

0-5% 

A  Little 

5  15% 

Some 

15  30% 

With 

30-50% 

Boulders 

Gravel 

Coarse 

fine 

Sand 

Coarse 

Medium 

fine 

St  It  and  Clay 


PARTICLE  SIZES 

Char  3" 


V  3” 
»4-V* 


44-410 

*M0*»40 

*40*4200 

Determined  by  plasticity 
Characteristics 


Note:  Steve  sizes  shown  are  U  S  Standard 


PLATE  f+*fl 


CLASSIFICATION  OF  SOILS  FOR  ENGINEERING  PURPOSES 
ASTM  Designation  D  2487  -  89  AND  D  2488  -  69 
(Unified  Soil  Cleteificetion  System) 


Major  divisions 


T 


Group 

symbols 


Typical  nanes 


Classification  critaria 


i  JU 

,  £  ft  • 

:  1 8i 

5 

v  t: 

I  ? 
ss! 


i  «  — 


GP 


!l 

I! 

s « 


■9 

s 

ii  l 

i  i  <j 


SP 


iJii 


Wall  graded  gravels  and 
gravel  sand  mixtures  little 
Or  r»o  fines 


Poorly  graded  gravels  and 
gravel  sand  mixtures.  I'ttte 
or  no  fines 


tl  J 

c  in 


S*lty  grave's  gravel  sand 
silt  mixtures 


*5  o 

& 


it 

-  in 

«5  ■= 

u  ^ 

-E  ■o 

a  s« 
£  x 
»,  = 
C  £ 

!  i 


*  s 

c  o 


Clayey  gravels  grave* 
sand-clay  mixtures 


Well  graded  sands  and  gra 
velly  sands  little  or  no 
fines 


Poorly  graded  sands  and 
gravelly  sands  little  or  no 
fines 


s  a 

u  * 


SM 


Silty  sands  sand  si  it  mix 
tures 


SC 


Clayey  sands  sand  day 
mixtures 


Deo 


greater  than  4 


D  to 

J--  30_/*_  between  1  and  3 
Dio  «  Deo 


Not  meeting  both  cntena  for  GW 


Atterberg  limits  below 
A  Ime  or  P.l .  less 
than  4 


Anerberg  limits  above 
A  Ime  with  P.l. 
greater  than  7 


A t  terber g  limits  plot 
ting  m  hatched  area 
are  borderline  class' fi 
cations  requiring  use 
of  dual  symbols 


C, .  -  greater  than  6. 

Dio 

C,-  !9}°L. L  between 

z  D'0«Dso 

and  3 

Not  meeting  both  criteria  for  SW 

Atterberg  limits  below 
"A  '  line  or  P.l.  less 
than  4 

Atterberg  limits  plot 
ttng  in  hatched  area 
are  borderline  dasS'fi 
cations  requiring  us© 
of  dual  symbols 

Atterberg  limits  above 

A’  line  with  P.i . 
greater  than  7 

Inorganic  Si  Its  very  fide 
tands  rock  flour.  Silty  or 
clayey  fine  sands 


Plasticity  Chart 


*  5 
T? 

A  j 

(SI  ^ 


1 
!; 
‘  I 

S 

s 


Ii 

II 

v 

i 


IS* 


I  norgani  c  cl  a  /S  Of  low  to 
medium  plasticity  gravelly 
days  sandy  clays,  silty 
days,  lean  clays 


OL 


Organic  Silts  and  organic 
Silty  days  of  low  piastdty 


Inorganic  silts,  micaceous 
or  diatomaceout  fine  sands 
or  tilts,  el  a-  -  ic  silts 


Inorganic  days  of  hi^> 
plasticity,  fat  days 


OH 


Organic  days  of  medium  to 
high  plasticity 


Past  mock  and  other  hitfily 
organic  soils 


on  the  malarial  patting  the  3  in.  (79  mm)  sieve 


•I  t  (70- A) 


PLATE  H-51 


» 


SECTION  I 

DIVISION  OF  PLAN 
RESPONSIBILITIES 


w 

1  ' 


SECTION  I 


DIVISION  OF  PLAN 
RESPONSIBILITIES  • 


TABLE  OF  CONTENTS 

Item  Page  No. 

01 V  l  SION  OF  PLAN  RESPONSlBll ITIES  I-  1 

INTRODUCTION  I-  1 

COST  APPORTIONMENT  I-  1 

FEDERAL  I-  1 

NON -FEDERAL  I-  2 

List  of  Tables 

No.  Title  Page  No. 

1-1  Apportionment  of  Project  Costs  I-  3 

1-2  Estimate  of  Annual  Charges  I-  4 

I-i 


SECTION  I 


DIVISION  OF  PLAN 
RESPONSIBILITIES 


INTRODUCTION 


1.  This  section  presents  the  details  of  project  responsibilities 
and  related  cost  apportionment  between  Federal  and  non-Federal 
agencies.  The  proposed  improvements  are  principally  for  a  single 
purpose,  i.e.  flood  control,  with  minimal  related  recreation  and 
aesthetic  measures.  Since  the  proposed  recreational  facilities 
and  resulting  benefits  do  not  have  a  decisive  influence  on  project 
feasibility,  the  recreation  purpose  and  costs  were  considered  in¬ 
cremental.  Therefore,  cost  allocation  between  project  purposes 
are  not  considered  warranted.  The  apportionment  of  project  costs, 
including  appropriate  engineering,  design,  supervision,  and  adminis¬ 
trative  costs  under  both  existing  legislation  and  the  President's 
proposed  cost-sharing  policies,  is  shown  in  table  1-1. 


COST  APPORTIONMENT 


FEDERAL 


2.  The  Federal  government  would  design  and  construct  the  various 
features  of  the  flood  protection  and  recreation  works.  The  work 


Appendix  I 
1-1 


charged  as  a  Federal  cost  includes  that  for  all  upstream  and  down¬ 
stream  reach  levee  and  channel  works,  interior  drainage  works,  and 
a  maximum  of  three  percent  of  the  total  construction  cost  for  aes¬ 
thetic  mitigation-beautification  measures.  Federal  cost  sharing 
would  also  include  approximately  one-half  the  first  costs  of  the 

recreational  trail  system  and  project  related  picnicking  facilities 
at  Justice  Park.  Ihe  Federal  Government  also  assumes  the  cost  of 
this  study.  The  total  Federal  first  cost  for  both  upstream  and 
downstream  reach  improvements  excluding  costs  of  this  study  is 
estimated  at  $2,008,800  based  on  existing  cost-sharing  legislation, 
uowever,  applying  the  President's  proposed  cost-sharing  policies 
would  result  in  a  total  Federal  first  cost  of  $1,745,100  as  shown 
on  table  1-1. 


NON-FEDERAL 

3.  The  City  of  Marshall  would  be  required  to  operate  and  maintain 
all  project  works  and  bear  all  costs  of  required  lands,  easements 
and  rights-of-way  required  for  construction  and  subsequent  opera¬ 
tion  and  maintenance  of  the  project;  ail  relocations  and  alterations 
to  structures,  roads,  and  utilities  (except  parts  of  utilities  pass¬ 
ing  ov  r,  through,  or  under  the  protective  works);  and  one-half  the 
first  costs  of  recreational  facilities  eligible  for  Federal  cost 
sharing. 


Appendix  I 


Tabic  I  -  Apportionment  of  first  co9ts  among  Interests 


Non-Federal 

Item 

Federal 

State  City 

Total 

Based  on  existing  cost-sharing  legislation: 


Lands 

- 

- 

$211,600 

$211,600 

Relocations 

- 

- 

52,400 

52,400 

Channels 

$738,600 

- 

- 

738,600 

Levees 

171,800 

- 

- 

171,800 

Overflow  works 

418,200 

- 

- 

418,200 

Interior  drainage 

184,000 

- 

- 

184,000 

Recreation  facilities 

192,800 

- 

192,800 

385 ,600 

Engineering,  administration 

30  3.400 

- 

38,400(1) 

341,800 

Total  (existing  legislation) 

2,008,800 

- 

495,200 

2,504,000 

Based  on  President's  proposed 

cost-sharing  policy; 

Flood  damage  prevention 

$1,332,500 

$88,800 

$355,300 

$1,776,600 

Recreational  facilities 

173,500 

19,300 

192,800 

385,600 

Engineering,  administration 

2  39 . 100 

17,100(2) 

85,600(3) 

341,800 

Total  (President's  policy) 

1,745,100 

125,200 

633,700 

2,504,000 

(1)  Includes  50  percent  of 

the  separable 

Engineering, 

Administration  (E.A) 

cost  ($28,800)  and  100  percent  separable  E, 

A  relocations 

cost  ($9,600). 

(2)  Includes  5  percent  of 

total  E,A. 

(3)  Includes  20  percent  of 

flood  damage 

prevention  E 

,A  cost  ($56 

,800)  and 

SO  percent  of  recreational  facility  E,A  cost  ($28,800). 
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4.  All  maintenance  and  operation  costs  for  the  proposed  project  are 
assigned  to  non-Federal  interests.  The  estimated  annual  charges, 
based  on  a  6-7/8  percent  interest  rate  and  a  50-year  project  life, 
are  given  in  table  1-7  below. 

Table  1-2  -  Estimate  of  Annual  Charges 


Federal 

Interest  and  amortization  $143,270 

($2,008,800  x  0,07132) 


Non -Federal 

Interest  and  amortization  $35,320 

($495,200  x  .07132) 

Operation  and  Maintenance  (Flood  Control)  6,300 

(Recreation)  2,7  ()0 


Total  Non-Federal  Charges  44,320 


TOTAL  ANNUAL  CHARGES  $187,590 
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5.  Prior  to  the  start  of  construction  and  in  accordance  with  Sec¬ 
tion  221  of  the  1970  Flood  Control  Act  of  1970,  the  City  would  be 
required  to  enter  into  a  local  cooperation  agreement  satisfactory 
to  the  Secretary  of  the  Army,  which  would  provide  that  the  City 
will  : 

a.  Provide,  without  cost  to  the  United  States,  all  lands,  ease¬ 
ments,  and  rights-of-way,  including  suitable  areas  for  borrow 
and  disposal  of  excavated  material  as  determined  by  the  Chief 
of  Engineers,  for  construction,  operation  and  maintenance  of 
the  project. 

b.  Hold  and  save  the  United  States  free  from  damages  that  may 
result  from  construction  and  maintenance  of  the  project,  not 
including  damages  which  are  due  to  the  fault  or  negligence 
of  the  United  States  or  its  contractors. 

s' •  Maintain  and  operate  the  project  after  completion  in  accor¬ 
dance  with  regulations  prescribed  by  the  Chief  of  Engineers, 
d.  Accomplish  without  cost  to  the  United  States  all  relocations 
and  alterations  of  buildings  (except  nonstructural  measures), 
transportation  facilities,  storm  and  sanitary  sewer  systems, 
public  and  private  utilities,  local  betterments,  drainage 
facilities,  and  other  structures  and  improvements  made  neces¬ 
sary  by  construction  of  the  recommended  plan,  as  determined 
by  the  Chief  of  Engineers,  excluding  facilities  necessary  for 
the  normal  interception  and  disposal  of  local  interior  drain¬ 
age  at  the  line  of  protection. 

e.  Prescribe  and  enforce  regulations  to  prevent  obstructions  or 

encroachment  on  channels,  floodway  areas,  and  ponding  areas  which 
would  reduce  their  flood-carrying  capacity  or  hinder  maintenance 
and  operation. 
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f.  Provide  a  cash  contribution  for  recreation  equal  to  50  percent 
of  the  final  separable  cost  allocated  to  this  function  less  a 
credit  for  the  value  of  lands,  easements,  rights-of-way,  alter¬ 
ations,  and  relocations  furnished  therefore. 

£ •  Publicize  flood  plain  information  in  the  areas  concerned  and 
provide  this  information  to  zoning  and  other  regulatory  agen¬ 
cies  for  their  guidance  and  leadership  in  preventing  unwise 
future  development  in  the  flood  plain  and  in  adopting  such 
regulations  as  may  be  necessary  to  insure  compatibility  between 
future  development  and  protection  levels  provided  by  the 
project . 

h.  In  acquiring  lands,  easements,  and  rights-of-way  for  construc¬ 
tion  of  the  project,  the  local  sponsor  will  comply  with  the 
applicable  provisions  of  the  "Uniform  Relocation  Assistance 
•and  Real  Property  Acquisition  Policies  Act  of  1970",  Public 
Law  91-646,  approved  2  January  1971. 
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SECTION  J 


EXECUTIVE  ORDERS  11968  AND  11990 

INTRODUCTION 

1.  This  section  describes  in  detail  the  evaluation  of  an  alternative 
levee  alignment  formulated  to  address  compliance  with  Executive  Order 
11988,  pertaining  to  direct  or  indirect  inducement  of  flood  plain 
development,  and  Executive  Order  11990,  pertaining  to  the  protection 
of  wetlands. 


EXECUTIVE  ORDER  11988 


OBJECTIVE 

2.  The  objective  if  Executive  Order  11988  is  to  avoid  to  the  extent 
possible  the  long-  and  short-term  adverse  impacts  associated  with  oc¬ 
cupancy  and  modification  of  floodplains  and  to  avoid  direct  and  indirect 
support  of  floodplain  development  wherever  there  is  a  practicable 
alternative.  The  order  requires  Federal  agencies  to  provide  leader¬ 
ship  and  take  action  to: 

a.  Avoid  the  base  floodplain  unless  it  is  the  only  practicable 

O  A  k.  (.  L  lia  L  X  V  c  • 


b.  Reduce  the  hazard  and  risk  of  flood  loss. 

c.  Minimize  the  impact  of  floods  or.  human  safety,  health  and 
we  1  far  . 

d.  Restore  and  preserve  the  natural  and  beneficial  floodplain 
values.  Direct  support  of  floodplain  development  is  an  action  in  the 
floodplain  that  encourages,  allows,  serves,  or  otherwise  facilitates 
additional  floodplain  development.  An  example  of  direct  support  would  be 
provision  of  flood  protection  measures  to  undeveloped  or  underutilized 
floodplain  lands  for  the  purpose  of  permitting  future  development  and  growth. 
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DESCRIPTION  Of  THE  AREAS  AFFECTED 


3.  The  existing  diversion  channel  at  Marshall  is  unable  to  adequately 
protert  the  city  due  to  insufficient  channel  capacity  both  upstream  and 
downstream  of  the  diversion  structure.  Upstream,  should  a  flood  greater 
than  or  equal  to  the  1969  flood  occur,  overflows  would  bypass  the  diver¬ 
sion  channel  and  rejoin  the  Redwood  River  in  Marshall,  causing  damages  to 
developing  residential  areas  and  the  central  city.  Downstream  of  the 
diversion  channel,  considerable  development  has  occurred  that  is  not  pro¬ 
tected  by  the  existing  project.  The  majority  of  this  development  consists 
of  Southwest  State  University  and  student  and  other  local  housing. 

U.  The  selected  project  modifications  upstream  and  downstream  of  the 
diversion  channel  consist  of  channel  widening,  straightening,  and  bank 
reshaping  measures;  levees;  an  overflow  diversion  structure  with  appur¬ 
tenant  control  and  outlet  works;  interior  drainage  works;  aesthetic 
measures;  recreation  facilities;  required  relocations;  and  revegetation 
of  all  disturbed  areas.  The  selected  plan  would  provide  133-year  protec¬ 
tion  for  the  city  of  Marshall. 

UPSTREAM  REACH 


5.  Problem  area.  -  The  area  of  concern  for  the  upstream  reach  is  located 
upstream  of  the  existing  diversion  structure  and  bypass  channel  between 
State  Highway  23  and  the  Redwood  River.  This  area  is  divided  by  County 
Highway  7  which  crosses  the  Redwood  River  about  1,000  feet  above  the 
existing  flood  diversion  structure.  The  existing  project  was  designed 
to  allow  a  near  natural  division  of  high  flows  south  across  Highway  23 
to  the  Cottonwood  River  basin  with  the  balance  flowing  down  the  Redwood 
River  to  the  diversion  structure.  The  flood  of  1969  did  not  overflow 
as  expected.  About  2,500  cfs  overflowed  into  the  Cottonwood  River  basin 
in  the  vicinity  of  the  Highway  23  wayside  park.  Additional  overbank 
flow  entered  the  area  from  overbank  areas  downstream  of  the  park  and  flowed 
southeast  toward  the  junction  of  County  Highway  7  and  State  Highway  23. 
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This  latter  overflow  threatened  to  overtop  County  Highway  7,  reenter  a 
residential  area,  and  flow  through  the  Marshall  business  district  at  a 
point  downstream  of  the  existing  diversion  structure.  To  prevent  this 
overflow.  County  Highway  7  was  temporarily  raised.  Subsequently,  Highway 
23  near  the  junction  of  County  Highway  7  was  breached  to  let  some  of  the 
ponded  overflow  pass  into  the  Cottonwood  River  basin.  This  raising  and 
resulting  flood-flow  backup  and  subsequent  breaching  is  believed  to 
have  caused  about  1,100  cfs  of  the  total  25,000-cfs  overflow  into  the 
Cottonwood  River  basin.  Legal  claims  due  to  floodwater  retention  river- 
ward  of  Highway  23  and  the  sudden  release  of  water  from  the  subsequent 
breaching  of  Highway  23  resulted  in  a  payment  of  $124,000  to  affected 
property  owners  between  Highways  7  and  23  and  the  Redwood  River  and 
about  $80,000  to  affected  property  owners  south  of  Highway  23  in  the 
Cottonwood  River  basin. 

6.  Under  existing  conditions  the  city  would  be  In  an  untenable  posi¬ 
tion  should  another  flood  equal  to  or  greater  than  the  1969  flood  occur. 
Without  some  structural  measures,  overflows  would  cross  Highway  7, 
pass  through  the  developing  residential  area  downstream  of  the  highway, 
enter  the  Redwood  River  below  the  diversion  structure,  and  cause  damages 
in  the  central  city.  In  addition,  since  the  distance  via  the  overflow 
route  is  shorter  than  the  Redwood  River  meander  channel,  high  velocities 
could  develop  as  a  specific  overflow  channel  concentrated  the  overflow. 
Highway  7  would  probably  wash  out,  with  gully  erosion  developing  from 
the  Redwood  River  upstream  through  the  developed  area.  Ultimately, 
the  overflow  area  could  possibly  capture  the  entire  river  flow  and  be¬ 
come  the  main  river  channel.  If  the  city  were  to  take  emergency  action 
to  prevent  future  flooding  in  the  central  city  by  raising  Highway  7, 
it  would  again  be  liable  for  substantial  damage  claims,  with  a  precedent 
having  been  established. 
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7.  Selected  plan.  -  The  selected  plan  described  In  section  E,  ap¬ 
pendix  1  (see  attached  plate  J-l  for  alignment)  provides  for  an 
earth  levee  along  the  right  bank  extending  from  the  existing 
diversion  structure  upstream  to  the  Highway  23  roadside  park.  The 
location  of  this  right  bank  levee  was  selected  to  minimize  impacts 
on  forested  areas  and  adjacent  cropland  areas  and  provide  a  techni¬ 
cally  sound  and  cost  effective  alignment.  As  designed,  the  levee 
would  provide  the  150-acre  area  with  protection  against  a  133-year 
flood  with  4.6  feet  of  freeboard  (2.0  feet  freeboard  above  SPF) . 

All  former  overland  flows  would  be  confined  to  the  area  riverward 
of  the  proposed  levee.  With  flows  exceeding  the  design  flood  flow, 
the  4.6  feet  of  freeboard  above  the  proposed  levee  would  prevent 
overtopping  or  failure  of  the  levee  (and  subsequent  damages  to 
developing  residential  areas)  by  confining  the  flood  flow  between 
the  BNRR  embankment  and  the  proposed  levee. 

8.  The  floodplain  area  east  of  County  Highway  7  is  a  developing 
residential  area  with  several  new  homes  in  place  and  others  under 
construction.  Utilities  are  in  place  for  the  area.  The  150-acre 
area  west  of  County  Highway  7  is  presently  about  85-percent  (125 
acres)  cropland  and  15-percent  residential  and  commercial  land. 

This  area  is  presently  zoned  by  Lyon  County  as  an  agricultural 
area.  The  city  of  Marshall's  land  use  plan  developed  in  1974 
(see  plate  F-10)  Indicates  that  this  area  is  proposed  for  multi- 
family  residential  development.  Required  utilities  can  easily 

be  extended  from  nearby  facilities  serving  the  area  east  of  County 
Highway  7. 


DOWNSTREAM  REACH 


9.  Problem  area.  -  The  downstream  channel  reach  has  insufficient 
channel  capacity  to  pass  even  the  original  design  flow  of  6,500  cfa 
with  the  diversion  channel.  This  condition  was  evident  during  the 
1969  flood  when,  with  a  peak  downstream  discharge  of  5,600  cfa, 
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extensive  emergency  diking  was  needed  to  prevent  damages  to  Southwest 
State  University  and  other  developments.  Under  existing  conditions, 
damages  would  begin  to  occur  in  the  downstream  reach  whenever  flood 
flows  exceed  725  cfs  unless  emergency  protective  measures  are  provided. 

10.  Selected  plan.  -  The  selected  plan  described  in  section  E,  appendix 
I  (see  attached  plate  J-2  for  alignment)  provides  for  an  earth  levee 
along  the  right  bank  commencing  at  high  ground  near  the  Highway  23  embank¬ 
ment  and  extending  7,670  feet  to  high  ground  at  Fifth  Street  and  Hudson 
Avenue.  For  the  most  part,  this  alignment  would  follow  the  alignment 

of  a  proposed  highway  under  joint  consideration  by  the  city  and  Lyon 
County.  If  later  desired,  the  highway  could  incorporate  the  levee 
embankment  or  be  constructed  adjacent  to  it.  As  designed,  the  levee 
would  provide  protection  to  downstream  areas  against  a  133-year  flood 
with  3  feet  of  freeboard. 

11.  Approximately  80  acres  of  downstream  reach  floodplain  land  presently 
in  crop  use  would  be  protected  by  the  selected  levee  alignment.  The 
city's  1974  land  use  plan  indicates  the  proposed  land  use  for  this  area 
Is  single-  and  multiple-family  residential,  and  school  or  college. 

DESCRIPTION  OF  ALTERNATIVES 

12.  The  selected  alignment's  compliance  with  Executive  Order  11988  was 
evlautaed  because  the  upstream  levee  alignment  protects  125  acres  of 

undeveloped  floodplain  and  the  downstream  levee  alignment  protects  an 
additional  80  acres  of  undeveloped  floodplain.  An  alternative  levee 
alignment  was  formulated  to  exclude  these  areas  from  protection. 

UPSTREAM  REACH 

13.  To  evaluate  the  applicability  of  Executive  Order  11988  to  protect¬ 
ion  of  the  floodplain  area,  an  alternative  flood  barrier  align¬ 
ment  (see  plate  J-l)  excluding  the  125  acres  of  undeveloped 
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floodplain  from  protection  was  analyzed.  This  alternative  could  Involve 
either  raising  County  Highway  7  and  State  Highway  23  or  constructing 
levees  paralleling  the  highways.  Since  levees  would  accomplish  the 
same  purpose  with  only  minor  additional  land  requirements  but  at  re¬ 
duced  costs,  the  highway  raises  were  not  considered  further.  These 
alternate  levees  would  Include  a  levee  having  an  average  height  of 
7.5  feet  extending  from  the  County  Highway  7  bridge  south  along  the 
west  side  of  the  highway  to  the  State  Highway  23  right-of-way,  then 
a  levee  with  an  average  height  of  4.7  feet  from  that  point  west 
along  Highway  23  to  the  driveway  at  the  east  side  of  the  roadside 
park. 


14.  This  alternative  would  eliminate  the  need  for  about  5,500  feet 
of  the  selected  alignment  right  bank  levee  extending  upstream  from 
County  Highway  7.  The  selected  plan's  right  bank  channel  modifications 
(Plates  E-l,  E-2,  E-3)  along  most  of  this  removed  levee  section 

v>ould  also  be  eliminated.  Flood  flows  would  freely  enter  the  affected 
area  at  a  location  downstream  of  the  wayside  park.  At  the  standard 
project  flood  level,  a  farmstead  and  three  other  residences  would  be 
inundated.  The  maximum  design  water  level  in  the  ponded  area  would  be 
at  elevation  1182,  an  approximate  1-foot  (4  ft.  at  standard  project  flood 
level)  increase  over  existing  conditions.  With  this  alternative. 

Federal  first  costs  would  be  reduced  by  about  $490,400.  However, 
because  of  lr>cr*!*,’ed  w»t»r  level  and  inducement  of  flood  damages 
the  city  would  be  required  to  either  acquire  by  fee  or  easement 
about  125  acres  at  an  estimated  cost  of  $3,600  per  acre. 

15.  The  $3,600  per  acre  land  value  reflects  prime  agricultural  land 
with  excellent  near-term  development  potential.  In  addition,  local 
Interests  would  have  to  purchase  four  homes  and  a  farmstead,  pay 
relocation  assistance  expenses,  and  remove  affected  structures  from 
the  area.  Thus,  non-Federal  first  costs  would  increase  by  $910,300 
over  the  selected  plan.  The  net  change  in  total  plan  first  costs 
with  the  alternate  levee  alignment  would  be  $910,300  ieas  $490,000 
or  a  $419,900  lncrcaae. 
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16.  With  the  alternative  levee  alignment,  land  required  for  construc¬ 
tion  would  increase  by  144  acres  over  land  required  for  the  selected 
alignment.  The  majority  of  this  increase  would  be  agricultural  lands; 
however,  a  reduction  of  2.6  acres  of  forested  land  would  be  realized. 


In  addition,  the  alternative  levee  alignment  would  require  relocation 
of  4  residences  and  10  structures,  displacing  10  to  15  residents.  A 


comparison  of  the  economic, 

environmental,  and  social  impacts 

of  the 

selected  and  alternative  levee  alignment  and 

net  effects  is  displayed 

in  table  J-l. 

Table  J-l 

-  Upstream  reach 

Impacts 

Project  with 

Net  change 

Executive 

with 

Selected 

Order  11988 

Executive 

project 

modification 

Order  11988 

Economics 

Federal  first  costs 

$2,008,800 

$1,518,400 

-490,400 

Non-Federal  first  costs 

495,200 

1,405,400 

+910,300 

Total  first  costs 

2,504,000 

2,923,900 

419,900 

Benefit-cost  ratio 

1.82 

1.57 

Cost  to  developers  — ^ 

0 

500,000 

+500,000 

Envl ronment  al 

Channel  mcdlf lcatlons  (fee 

t)  8,750 

4,750 

-4,000 

Lands  required  for 

project  (acres) 

-  Agricultural 

28.1 

168.6 

+140.5  - 

-  Forest 

41.0 

38.4 

-2.6 

-  Other  (open) 

30.4 

36.6 

+6.2 

99.5 

243.6 

+144.1 

Effect  on  local  and  regional  growth  patterns  (see  separate  write-up) 
Social 


Residences  relocated 

1 

4 

+3 

Structures  relocated 

- 

10 

♦10 

Utilities  relocated  (ft) 

1,200 

1,730 

+550 

Number  of  persons  displaced 

1-3 

10-15 

+9-12 
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Other 

-  Driveways  to  two  residences  would  be  impassable  during  high  flood  flows 
with  water  (100-year  level)  very  near  one  of  the  homes. 

-  Increased  local  costs  of  about  $910,300. 

-  Affected  access  to  area  via  road  ramps  and/or  closure  structures. 

\J  Developable  area  is  about  125  acres  and  105  acres  for  selected  project 
and  Executive  Order  11988  modified  project,  respectively. 

2/  This  area  could  continue  to  exist  as  productive  agricultural  land.  In 
accordance  with  E.O.  11988,  agriculture  is  an  acceptable  use  of  floodplain 
lands. 

DOWNSTREAM  REACH 

17.  An  alternative  flood  barrier  alignment  was  developed  for  the  down¬ 
stream  reach  in  response  to  Executive  Order  11988  (see  plate  J-2)  exclud¬ 
ing  the  80  acres  of  agricultural  land  from  flood  nrotection.  This  alter¬ 
native  involves  an  earth  levee  commencing  at  high  ground  near  the  State 
Highway  23  embankment,  following  the  alignment  of  County  Ditch  62,  to  the 
Camelot  Square  Trailer  Court.  The  levee  then  foltows  the  exterior  bound¬ 
ary  of  the  trailer  court  to  high  ground  at  Fairview  Street.  A  second 
levee  commencing  at  high  ground  near  Fifth  Street  and  Hudson  Avenue 
follows  north  of  Hudson  Avenue,  east  to  Bruce  Street,  and  then  follows 
Bruce  Street  north  to  high  ground  at  Fairview  Street. 

18.  With  this  alternative.  Federal  first  costs  would  be  increased 
$202,000.  Non- Federal  first  costs  used  for  purchase  of  required  lands 
would  decrease  $2,600.  The  net  change  in  total  first  costs  would  be 
an  Increase  of  $199,400.  A  reduction  of  3.8  acres  of  lands  required 
for  the  project  would  be  realised,  with  only  minor  relocation  of  resi¬ 
dential  fencing  required.  A  comparison  of  the  economic,  environmental, 
and  social  Impacts  of  the  selected  and  alternative  levee  alignments  and 
net  effects  is  displayed  in  table  J-2. 
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Table  J-2  -  Downstream  roach  impacts 

Project  with  Net  change  with 

Selected  Executive  Order  Executive  Order 

_  I  tew _ project  11988  modifications  11988  modifications 

Economic 


Federal  first  costs 

$2,008,800 

$2,210,800 

+$202,000 

Non-Federal  first  costs 

495,200 

492,600 

-2,600 

Total  first  costs 

2,504,000 

2,705,400 

199,400 

Benefit-cost  ratio 

Envi ronmental 

Lands  required  for 
project  (acres) 

1.82 

1.69 

Agricultural 

15-0 

12.0 

-3.0 

Forest 

- 

0.5 

+0.5 

Other  (open) 

5.3 

4.0 

-1.3 

20.3 

16.5 

-3.8 

Effect  on  local  and  regional  growth  patterns  -  (see  separate  write-up) 
Social 


Residences  relocated 


Structures  relocated  -  Residential  fencing 

Utilities  relocated  900  900 

(feet) 


Nuniber  of  persons  dis¬ 
placed 
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DEVELOPMENT  OF  AFFECTED  AREAS 


19.  Marshall  can  be  described  as  a  vibrant  community.  The  projected 
growth  rate  to  the  year  2000  Is  from  15  to  20  percent.  Development 
at  Marshall  will  most  likely  occur  southeast,  west,  and  northwest 
of  the  city,  all  south  of  the  Redwood  River,  In  or  adjacent  to  the 
floodplain.  The  proposed  levee  alignment  would  protect  205  acres 
of  undeveloped  land,  located  near  existing  utilities,  northwest  and 
southeast  of  the  city. 

UPSTREAM  DEVELOPMENT 


20.  Development  under  existing  conditions.  -  Under  the  existing 
flood  and  Institutional  setting,  only  a  very  small  portion  (5  acres) 
of  the  affected  area  could  be  developed  without  changes  to  the  topo¬ 
graphy.  This  small  area  is  located  Immediately  upstream  of  County 
Highway  7,  south  ol  the  river,  and  in  the  immediate  vicinity  of  the 
only  farmstead  in  the  area.  To  develop  the  remaining  portion,  the 
floodplain  lands  would  require  fill  to  the  100-year  flood  elevation 
plus  1  foot.  Maximum  fill  height  would  be  about  6  feet  and  the  average 
fill  height  would  be  about  2.2  feet.  Any  such  landfill  would  have  to 
provide  for  maintenance  of  a  suitable  floodway  meeting  State  floodplain 
management  requirements.  Any  future  developments  would  be  subject 

to  flooding  from  floods  exceeding  the  flood  protection  elevation. 

21.  Various  options  would  be  available  to  local  Interests  to  achieve 
a  designed  floodway.  One  would  be  the  creation  of  a  floodway  along 
the  southeast  overland  flood  flow  path  to  the  County  Highway  7  over¬ 
flow  area  and  through  the  area  east  of  County  Highway  7  to  the  river 
below  the  existing  diversion  structure.  Floodway  requirements  could 
also  be  met  by  routing  the  floodway  along  the  edge  of  the  affected 
area  to  tie  into  the  County  Highway  7  overflow  area.  Third,  a  flood¬ 
way  could  be  designated  along  the  river  channel  only  with  no  provision 
for  future  overflow  over  County  Highway  7.  Preliminary  studies  indicate 
that  approximately  10  to  IS  acres  of  the  cropland  area  would  be  required 
for  floodway  purposes. 
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22.  Under  existing  conditions,  with  no  provision  for  a  floodway  through 
the  area,  approximately  460,000  cubic  yards  of  fill  would  be  required 

to  achieve  the  100-year  plus  1-foot  elevation  in  the  area  above  Highway 
7.  Estimated  local  fill  costs  would  be  about  $250,000.  This  area  can 
be  developed  with  or  without  the  selected  project.  The  city's  proposed 
land  use  of  this  area  is  multifamily  residential  (see  plate  F-10).  Sewer 
and  water  facilities  of  an  adjacent  development  are  of  sufficient  size  to 
accommodate  development  in  this  area,  and  the  area  is  easily  accessible 
todowntown  shopping  and  other  essential  public  facilities. 

23.  With  the  selected  alignment,  the  125  acres  could  be  developed  in  ac¬ 
cordance  with  State  floodplain  management  criteria  without  any  fill  require¬ 
ments.  Thus,  the  selected  levee  alignment  would  result  in  a  direct 
savings  of  about  $250,000  by  not  having  to  fill  the  area. 

24.  Development  with  alternative  levee  alignment.  -  With  the  alterna¬ 
tive  levee  alignment,  at  least  four  options  are  evident  for  future  use 
of  the  affected  lanes:  (1)  the  city,  having  purchased  the  land  in  fee 
(city  considers  alt< rnative  purchase  of  flood  easements  to  cost  as  much) 
could  choose  to  let  the  land  revert  to  a  natural  vegetative  state; 

(2)  the  city  could  choose  to  develop  the  purchased  lands  as  flood  damage- 
free  open-space  recreation  area,  not  a  critical  need  now  or  in  the 
foreseeable  future;  (3)  the  city  could  lease  the  acquired  lands  to  an 
operator  for  continued  agricultural  productivity;  or  (4)  the  acquired 
lands  could  be  resold  for  development  provided  that  landfill  elevations 
and  floodway  requirements  are  in  accordance  with  State  floodplain 
management  regulations. 

25.  Thus,  under  the  alternative  levee  alignment,  local  interests  could 
also  develop  the  floodplain  area  bounded  by  the  roadside  levees  provided 
fill  elevation  requirements  were  met.  As  this  alternative  would  result 
in  an  Increase  in  design  water  surface  levels  of  about  2  feet  over 
existing  conditions  (due  to  restriction  of  the  flood  flow  area),  fill 
requirements  would  be  about  double  those  required  under  existing  condi¬ 
tions  for  a  fill  cost  of  around  $500,000. 
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DOWNSTREAM  DEVELOPMENT 


26.  Development  under  existing  conditions.  -  Under  existing  conditions, 
the  80  acres  of  agricultural  floodplain  lands  could  be  developed  In 
compliance  with  State  floodplain  management  law.  If  the  area  were 
filled  to  an  elevation  1  foot  above  the  100-year  flood  level.  A  3- 
to  5-foot  maximum  fill  would  be  needed  to  fulfill  these  requirements. 

The  city's  proposed  land  use  of  this  area  is  single-  and  multi-familv 
residential,  and  ochool  or  college  (see  plate  F-10). 


27.  Development  with  selected  levee  alignment.  -  The  selected  leve- 
alignment  allows  for  development  of  the  80  acres  of  floodplain  witho 
requiring  the  fill  that  would  have  been  necessary  under  existing 
conditions. .  This  is  an  Induced  benefit  of  the  levee,  in  that  flood 
protection  afforded  by  the  levee  may  encourage  development  in  the 
floodplain  to  occur  sooner  than  the  conditions  without  flood  protection. 

28.  Development  with  alternative  levee  alignment.  -  As  the  80  acres 
of  agricultural  land  are  excluded  from  flood  protection  by  the  levee, 
development  could  occur  only  by  filling  the  area  1  foot  above  the 
100-year  flood  level,  in  accordance  with  State  floodplain  management 
criteria.  Therefore,  there  is  no  direct  or  indirect  encouragement 

for  development  by  the  Executive  Order  11988  proposal.  However,  if 
the  Highway  23  bypass  was  constructed  along  the  proposed  highway  align¬ 
ment,  the  alternative  levee  would  be  rendered  obsolete,  with  a  resultant 
loss  of  .$199,000  to  the  national  economic  development  account,  in  addition 
to  the  cost  of  additional  fill  required  by  the  bypass  to  replace  the  levee 
that  would  have  been  used  under  the  selected  plan. 
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SUMMARY  OF  FLOODPLAIN  DEVELOPMENT  POSSIBILITIES 

29.  The  primary  purpose  in  developing  the  alternative  levee  alignment 
was  to  preclude  development  of  undeveloped  agricultural  floodplain 
protected  by  the  proposed  levee  alignment.  However,  development  in  the 
floodplain  may  still  occur,  in  accordance  with  State  floodplain  manage¬ 
ment  criteria,  by  filling  the  floodplain  lands  to  1  foot  above  the  100- 
year  flood  elevation.  With  the  upstream  reach  alternative  levee  align¬ 
ment,  fill  costs  would  be  approximately  double  those  with  existing  condi¬ 
tions  (due  to  the  increase  in  flood  stages),  while  the  downstream  fill 
costs  would  stay  approximately  the  same.  Therefore,  floodplain  develop¬ 
ment  with  both  the  upstream  and  downstream  alternative  levee  alignments 
is  more  expensive,  but  not  precluded. 

PRACTICABILITY  CONSIDERATIONS 

30.  Included  in  the  objective  of  the  Executive  Order  is  a  statement: 
"Avoid  the  base  floodplain  unless  it  is  the  onl  y  pract_icab_l_e  al  ternat  ive. 
The  practicability  of  the  alternative  levee  alignment  versus  the  proposed 
levee  alignment  was  evaluated  on  the  basis  of  16  factors  listed  in  the 
guidelines  for  implementing  the  Executive  Ora  t. 

DEFINITION  OF  PRACTICABILITY 

31.  Practicable  is  defined  in  the  guidelines  for  implementing  the 
Executive  Order  as  "capable  of  being  done  within  the  existing  constraints 
The  test  of  what  is  practicable  depends  upon  the  situation  and  includes 
consideration  of  the  pertinent  factors,  such  as  environment,  cost,  or 
technology."  Table  J-3  is  the  comparison  table  developed  for  deter¬ 
mining  the  practicability  of  the  alternative  levee  alignment. 
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EVALUATION  OF  ALTERNATIVE  LEVEE  ALIGNMENT 


32.  The  determination  of  whether  a  practicable  alternative  exists 

is  based  on  the  advantages  and  disadvantages  of  floodplain  and  nonflood- 
plain  sites.  Factors  to  be  considered  in  making  this  determination  and 
the  evaluation  of  these  factors  are  shown  In  table  J-3. 

33.  As  shown  in  table  J-3,  one  of  the  major  factors  considered  in  this 
situation  was  economics.  The  alternative  levee  alignment  would  result 
in  a  $910,300  increase  in  non-Federal  costs,  an  amount  city  officials 

say  is  "far  beyond  the  reasonable  acceptance  of  the  city."— ^  In  addition, 
the  alternative  levee  alignment  would  approximately  double  the  amount  of 
fill  needed  to  meet  State  floodplain  management  regulations  for  develop¬ 
ment  of  the  area,  which  amounts  to  an  increase  in  cost  of  $250,000.  Adjacent 
sewer  and  water  facilities  can  accommodate  development  in  this  area.  Ad¬ 
ditional  location  benefits  are  realized  by  the  selected  levee  alignment 
in  that  it  makes  use  of  existing  high  ground,  is  economically  cheaper, 
and  is  a  more  engineeringly  efficient  levee  alignment. 

34.  Of  the  remaining  factors  listed  for  practicability  considerations,  ad¬ 
ditional  benefits  to  fish  and  wildlife  habitat  values  were  realized  by 

the  alternative  levee  alignment.  Approximately  half  of  the  proposed 
channel  modifications  would  not  be  necessary  with  the  alternate  levee 
alignment.  In  addition,  the  alternative  levee  alignment  would  discourage 
or  retard  future  development  of  agricultural  lands  which  provide  wildlife 
habitat.  The  selected  rlverbanks  levee  alignment  requires  the  removal 
of  approximately  30  large  mature  shade  trees  with  resulting  long-term 
adverse  effects  on  songbirds  and  small  mammal  populations. 

35.  The  alternative  levee  alignment  was  determined  not  to  be  a  practicable 
alternative  as  the  negative  economic  and  location  benefits  far  outweigh 


1 /  Taken  from  a  letter  to  the  Corps  of  Engineers  from  Mr.  Robert  C.  Hirmer, 
President  of  the  Marshall  City  Council,  dated  10  August  1978. 
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the  benefits  realized  to  fish  and  wildlife  habitat  values.  In  addition 
the  alternative  levee  alignment  Is  unacceptable  to  the  city  of  Marshall 

PRESIDENT'S  BUDGETARY  CRITERIA 

36.  The  President's  fiscal  year  1980  budgetary  criteria  require  that 
a  "Project  does  not,  directly  or  Indirectly,  support  future  floodplain 
development  in  areas  other  than  those  near  already  urbanized  areas  or 
where  floodplain  values  have  been  largely  lost  and  avoids,  to  the 
extent  possible,  the  long-  and  short-term  adverse  impacts  associated 
with  the  destruction  or  modification  of  wetlands."  The  selected 
levee  alignment  generally  meets  requirements  in  that  Marshall  Is  an 
urbanized  area,  the  floodplain  land  is  presently  in  agricultural  use, 
and  the  alignment  avoids,  to  the  extent  possible,  adverse  impacts 
associated  with  any  destruction  or  modification  of  wetlands. 

EXECUTIVE  ORDER  11990 


OBJECTIVE 

37.  The  objective  of  Executive  Order  11990  is  to  avoid  to  the  extent 
possible  the  long-  and  short-term  impacts  associated  with  destruction 
or  modification  of  wetlands  wherever  there  is  a  practicable  alternative 

DESCRIPTION  OF  AREAS  AFFECTED 

38.  The  area  of  concern  pertaining  to  Executive  Order  11990  is  located 
upstream  of  the  diversion  structure  and  was  described  previously  In 
the  Executive  Order  11988  upstream  problem  area  description  (paragraph 
5,  section  J).  The  selected  project  is  also  discussed  in  the  Execu¬ 
tive  Order  11988  analysis  (paragraph  7,  section  J).  Conflict  with 

the  objective  of  Executive  Order  11990  resulted  from  the  loss  of  2.3 
acres  of  riparian  woodland  (Type  1  wetland)  required  by  the  selected 
plan  for  channel  modifications. 
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DESCRIPTION  OF  ALTERNATIVES 


39.  The  alternative  levee  alignment  described  previously  in  the 
Executive  Order  11988  analysis  (paragraph  13,  section  J)  was  evaluated 
with  regard  to  Executive  Order  11990  and  protection  of  wetlands.  By 
removing  the  right  bank  levee  and  replacing  it  with  the  highway  levee 
alignments,  right  bank  channel  modifications  would  not  be  required. 
However,  this  alternative  would  still  result  in  the  loss  of  1.4  acres 
of  riparian  woodland  (Type  1  wetland)  required  by  the  left  bank  channel 
improvements.  The  left  bank  channel  improvements  are  necessary  to 
protect  the  Burlington  Northern  Railroad  embankment  and  the  left  bank 
levees  near  County  State  Aid  Highway  7  and  downstream  of  the  drop 
structure. 

PRACTICABILITY  CONSIDERATIONS 

GENERAL 

40.  Included  in  the  President's  Executive  Order  11990  is  a  statement 
that  new  construction  should  not  be  allowed  in  the  wetlands  unless 
"there  is  no  practicable  alternative  to  such  construction  and  ... 
the  proposed  action  includes  all  practicable  measures  to  minimize 
harm  to  wetlands  which  may  result  from  such  use."  The  alternative 

1  e vc s  in"D°r. t  tc  dstsnslns  £_  f  i. ^  vss  2 

alternative  capable  of  minimizing  the  loss  of  2.3  acres  of  Type  1 
wetland. 

EVALUATION  OF  ALTERNATIVE  LEVEE  ALIGNMENT 

41.  The  alternative  levee  alignment  would  save  0.9  acre  of  riparian 
woodland  from  destruction  due  to  right  bank  channel  modifications, 
resulting  In  an  Increase  in  non-Pederal  first  costs  of  $910,300> 
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However,  this  alignment  would  still  require  the  taking  of  1.4  acres 
of  Type  1  wetland.  This  large  Increase  in  costs  Is  unacceptable  to 
the  city  of  Marshall.  Other  factors  relating  to  the  practicability 
of  the  alternative  were  discussed  previously  in  the  Executive 
Order  11988  analysis  (paragraph  32,  section  J).  For  these  reasons, 
the  alternative  levee  alignment  Is  considered  not  to  constitute 
a  practicable  alternative. 


CONCLUSION 


42.  The  District  Engineer  has  determined  that  the  selected  alignment 
is  In  complete  compliance  with  Executive  Orders  11988  and  11990  and  is 
the  only  practicable  alternative  for  providing  flood  protection  to 
the  city  of  Marshall.  The  selected  alignment  is  also  generally  in  agree¬ 
ment  with  the  requirements  in  the  President’s  1980  fiscal  year  budget 
criteria  pertaining  to  floodplain  development.  The  selected  alignment 
has  been  coordinated  with  and  reviewed  by  the  Minnesota  Department  of 
Natural  Resources.  The  alternative  levee  alignment  was  found  to  be 
not  lmplementable  as  It  does  not  constitute  a  practicable  alternative, 
does  not  preclude  development  in  the  floodplain,  and  is  not  acceptable 
to  the  city  of  Marshall. 


) 
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30.  Current  projection  C  represents  the  most  likely  future  based  on 
recent  changes  and  information.  Estimates  for  1975  through  1979  use 
the  census  estimate  for  1977  as  a  basis  for  adjusting  estimates  between 
1975  and  1979.  The  estimates  by  Southwest  State  University  for  student 
population  were  assumed  throughout  the  projection  period.  Increase  in 
dwelling  units  of  all  types  thus  becomes  the  only  other  source  of 
resident  population  increase.  According  to  Barton-Aschman  Associates,  Inc, 
there  were  3,474  dwelling  units  in  1977.  Based  on  building  and  permit 
activities  during  1977  and  estimates  through  1979,  there  will  be  a 
phemonenal  18  percent  increase  in  dwelling  units  to  a  total  of  4,077 
during  the  3-year  span.  Records  of  building  permit  activity  for  the 
past  5-years  are  presented  in  Table  J-S  . 


Table  J-5  -  Building  permits  for  new  housing  (dwelling  units) 
for  Marshall,  Mn.,  1975-79 


Year 

Single  Family 

Multiple  Family 

Total 

1975 

62 

54 

116 

1976 

61 

102 

163 

1977 

80 

138 

218 

1978 

100 

85 

185 

1979 

75 

125 

200 

TOTAL 

378  (45  percent)  504  (55  percent) 

882  (100  percent) 
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31.  The  estimated  corresponding  increases  in  population  represented  by 
occupancy  of  these  dwelling  units  is  shown  in  table  J-5.  An  average 
of  three  persons  per  dwelling  unit  was  used  t.o  convert  dwelling  units 
to  population.  Estimated  absorption  of  residential  land  for  these 
dwelling  units  is  also  represented  based  on  land  use  of  three  single- 
family  dwelling  units  per  acre  and  12  multiple-family  dwelling  units 
per  acre. 


Table  J-6  -  Estimated  Increase  in  Yearly  Resident 
Population  at  Marshall  and  Corresponding 
Demand  for  Residential  Land,  1975-79 


Year 

Population  changes 

New  residential  land  absorbed  (acres) 

1975 

♦  348 

♦  26 

1976 

♦  489 

♦  29 

1977 

♦  654 

♦  45 

1978 

♦  555 

♦  41 

1979 

♦  600 

♦  36 

TOTAL 

.646 

177 

32.  In  addition  to  these  residential  lands  absorbed,  other  categories 
of  public  and  commercial  also  increased.  These  have  not  been  estimated 
over  the  same  period. 

33.  Population  and  economic  growth  at  Marshall  was  spurred  by  the 
location  and  expansion  of  Southwest  State  University  during  the  period 
1965-1970.  However,  population  fell  during  the  1970  to  1975  period 

as  student  enrollment  dropped  drastically.  Similar  declines  at 
universities  were  recorded  elsewhere  in  the  State  and  throughout  the 
country.  Since  1975  student  population  at  Southwest  State  University 
has  slowly  risen.  Marshall  is  a  very  vibrant  community  at  the  present 
time.  Growth  and  development  at  Marshall  since  1975  has  therefore 
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been  stimulated  principally  by  commercial/business  activity.  Employment 
has  increased  significantly  at  two  agribusiness  production  companies. 
These  companies  have  entered  an  expansion  period  which  has  seen 
development  and  production  of  new  food  products.  Aggressive  marketing 
and  distribution  of  these  food  products  throughout  the  region  has  been 
very  successful  to  date.  Steady  increases  in  employment  at  these 
companies  and  others  is  projected  to  increase  for  some  years  to 
come  based  on  local  announcements.  In  addition  to  food  products, 
a  large  nationally  known  manufacturer  of  glass  products  for  energy 
saving  storm  windows  established  a  plant  since  1975  with  a  large 
work  force.  Recent  announcements  indicate  that  plant  expansion  in 
the  next  3  to  5  years  will  probably  double  employment.  Together  with 
employment  multipliers,  which  increase  the  service  related  employment 
industry,  and  attendant  location  of  dependents  of  new  employees  at 
Marshall,  significant  vigorous  population  growth  and  economic  development 
can  be  easily  predicted  between  now  and  1985.  To  a  much  greater 
extent  than  the  student  population  growth  from  1965-70,  employment 
growth  significantly  increases  related  economic  and  population  changes. 
However,  since  the  economic  activity  horizon  at  Marshall  cannot  be 
visualized  beyond  1985,  a  lesser  normal  increase  was  assumed  from 
1985  to  1990.  The  population  change  from  1990  to  2000  was  extended 
at  the  average  compound  rate  of  growth  for  the  entire  decade  of  the 
1980  to  1990  period.  The  projected  population  change  from  1979  to 
1990  represents  an  implicit  demand  for  and  a  projected  use  of  340 
acres  of  current  developable  land.  These  land  use  needs,  estimated 
by  category,  are  presented  in  Table  J-7. 
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Table  J-7  -  Projected  land  use  needs  at  Marshall,  Mn. 
(1979-1990) 


Category 

Development 
lands  (acres) 

Residential 

-  single 

180 

Residential 

-  multiple 

50 

Commercial 

50 

Public  and  Other 

60 

TOTAL 

340 

34.  Lands  required  for  residential  use  are  based  on  densities  per 
acre  previously  discussed.  Commercial  and  public  categories  are  in 
consonance  with  ratios  and  needs  identified  by  Barton-Aschman  Associates, 

Inc.W 


35.  The  land  supply  analysis  indicates  that,  at  this  timq  sufficient 
land  (725  acres)  is  available  for  site  selection  through  the  market 
process.  Generally,  as  a  minimum  twice  the  number  of  acres  actually 
used  during  the  demand  period  should  be  zoned  for  the  proposed  uses. 

36.  The  most  probable  location  of  the  projected  development  before 
1990  includes  land  in  both  the  upstream  and  downstream  existing 
undeveloped  floodplain  areas  as  well  as  the  available  undeveloped 
nonfloodplain.  Identified  development  pressure  is  in  the  process 
of  determining  this  future  land  use  pattern.  Factors  affecting  and 
limiting  supply  have  also  been  evaluated.  Partial  residential 
development  is  projected  to  be  a  pre-project  condition  in  the  upstream 
125-acre  alternate  levee  alignment  area.  At  a  minimum,  one  residential 
addition  of  from  15  to  30  acres  is  projected  before  1990.  A  maximum 
development  of  30  to  60  acres  could  occur  before  1990.  Ultimate 
development,  however,  is  not  projected  to  occur  until  after  1990. 


^  Source: 
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37.  Pre-project  development  conditions  in  the  downstream  area  will 
depend  on  the  needs  of  Southwest  State  University  and  ownership  of 
floodplain  lands.  Residential  development  will  occur  unless  institutional 
arrangements  (legal  options)  have  precluded  such  development.  Since 

the  University  is  floodplain  dependent  for  ready  expansion,  these 
acres  should  be  protected  and  reserved  for  future  expansion  at  South¬ 
west  State  University. 

38.  The  above  pre-project  development  conditions  are  readily  predictable 
based  on  the  above  analysis.  Specific  factors  which  will  stimulate 

the  predicted  development  pattern  are  summarized  below: 

a.  Intense  near-term  demand  for  340  acres  of  available  developable 
land  before  1990. 

b.  Near-term  reduction  of  ISO  to  200  acres  in  supply  of  existing 
undeveloped  nonfloodplain  land  due  to  the  Green  Acres  Protection 
Act.  A  portion  of  these  lands  should  become  available  prior  to 
project  construction  but  not  quickly  enough  to  satisfy  the 
immediate  demands. 

c.  The  315  acres  of  developable  floodplain  are  all  in  the  50-  to  100-year 
floodplain  except  for  about  30  acres  upstream. 

d.  Floodplain  and  nonfloodplain  existing  undeveloped  lands  are  nearly 
cost-equal  for  development  purposes  above  the  50-year  flood  elevation. 

e.  Forecast  development  is  presently  ongoing  in  and  out  of  the 
floodplain  adjacent  to  the  floodplain  areas  associated  with  the 
alternate  levee  alignment  and  Executive  Order  11988;  affected 
upstream  area  lands  are  already  dev eloper -owned  with  a  similar 
residential  floodplain  development  project  on  the  market. 

f.  Undeveloped  nonfloodplain  lands  are  available  outside  the  city 
boundaries  which  would  be  developed  at  higher  costs  with  additional 
limitations  in  the  existing  service  delivery  system.  This  type 

of  development  is  not  compatible  with  the  present  city  development 
approach  as  it  would  necessitate  leap-frog  development. 
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social  considerations 


39.  Social  considerations  involved  in  local  floodplain  development 
decisions  for  the  affected  areas  included  an  analysis  of  related 
development  costs,  perceptions  of  the  flood  threat,  related  attractiveness, 
and  access  to  essential  services.  Thus,  the  purpose  of 

this  discussion  is  to  assess  the  potential  social  implications 
involved  in  floodplain  development  decisions  at  Marshall. 

40.  The  preceeding  paragraphs  discuss  in  detail  the  existing  conditions 
in  the  community  related  to  supply  and  demand  for  vacant  developable 
lands  as  well  as  prospective  growth  and  development  in  the  c  ity. 

At  the  present,  time,  the  largest  proportion  of  immediately  developable 
lands  within  the  city  boundaries  are  located  in  the  Marshall  floodplain. 
Consequently,  on  a  short-term  basis,  it  is  expected  that  new  development 
will  locate  in  these  floodplain  areas,  as  opposed  to  areas  of  higher 
development  cost  outside  the  city  limits.  Additional  development 
costs  would  include  increased  investments  in  the  form  of  either  alterations 
to  the  city  sewer  and  water  system,  or  separate  well  and  self- 
enclosed  sewage  disposal  systems.  The  Minnesota  State  floodplain 
Management  requirement  for  fill  1  foot  above  the  100-ycar  floodplain 
is  not  considered  to  be  of  a  sufficient  cost  (in  areas  requiring 
relatively  low  fill  requirements)  to  offset  the  added  development 
expense  necessary  to  construct  outside  the  city  boundaries  at  this 
time. 


41.  On  an  intermediate  and  long-term  basis,  it  is  expected  that  both 
floodplain  and  nonfloodplain  lands,  within  the  city  limits,  will  be 
available  for  development  and  sufficient  to  meet  projected  needs. 

Choices  between  these  lands  for  development  purposes  (assuming  equivalent 
availability)  will  be  made  on  the  basis  of  cost,  perceptions  of 
threat,  relative  attractiveness,  and  access  to  services  and  amenities. 
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The  relative  development  costa  of  readily  available  floodplain  and 
nonfloodplain  areas  within  the  city  appear  to  be  equivalent  at  this 
time,  therefore  cost  will  probably  not  be  a  distinguishing  criteria 
in  decisions  on  where  to  develop. 

42.  Perceptions  of  flood  threat  are  not  currently  impeding  development 
in  floodplain  area.  The  Minnesota  State  Floodplain  Management 
requirements  are  perceived  as  providing  sufficient  protection  against 
severe  flood  damages,  and  the  provision  for  flood  insurance  offered 

by  the  Federal  Flood  Insurance  Program  provides  compensatory  payments 
for  any  residual  damages  which  may  occur  from  flood  events  exceeding 
this  level  of  protection.  Threats  to  human  safety  associated  with  poten¬ 
tial  flooding  exceeding  this  level  of  protection  are  not  guaranteed 
against  by  the  fill  requirements,  yet  these  residual  threats  have  not 
served  as  operational  factors  in  deciding  to  avoid  floodplain  areas  for 
residential  development.  Perceptions  of  threat  may  affect  development 
location  decisions  in  areas  where  personal  injuries  or  deaths  have 
occurred  from  flood  events  in  recent  years.  However,  no  personal  in¬ 
juries  or  deaths  have  occurred  in  the  Marshall  floodplain  during  recent 
floods  and  therefore  the  flood  threat  is  not  expected  to  be  a  major 
factor  in  development  locational  decisions. 

43.  Aesthetic  factors  often  serve  as  criteria  in  determining  locations 
for  development,  especially  for  residential  UBes.  As  such,  development 
is  often  attracted  to  natural  floodplains  in  rural  areas,  due  to  the 
diversity  of  natural  vegetation  provided  by  riverine  environments. 

In  the  undeveloped  portions  of  the  Marshall  floodplain  the  majority  of 
the  area  is  currently  under  agricultural  production  and  only  those 
lands  in  close  proximity  to  the  river  channel  exhibit  a  diverse, 
riverine  vegetation  pattern.  Therefore,  this  type  of  aesthetic 
consideration  is  not  expected  to  be  an  Important  development  inducement 
for  most  of  the  floodplain  lands.  Another  type  of  aesthetic  consideration 
Involved  in  residential  development  attraction  is  compatibility 
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of  different  lend  uses  visually  proximate  to  the  developable  area. 

Zoning  plans  by  the  city  for  both  undeveloped  floodplain  and 
nonfloodplain  lands  provide  for  highly  -ompatible  uses  (e.g.  areas 
zoned  for  residential  development  are  physically  separated  from  lands 
zoned  for  conmercial  and  industrial  use).  In  the  case  of  the  nonfloodplain 
developable  acreage,  park  facilities  are  either  currently  available  or 
lands  are  projected  for  park  development  in  the  near  future. 

44.  Access  to  services  and  amenities  in  the  form  of  transportation, 
retail  shopping,  and  social  services  also  plays  a  role  in  locating 
residential  development.  The  existing  road  system  in  Marshall 

provides  easy  access  to  the  downtown  service  area  from  both  the  floodplain 
and  nonfloodplain  vacant  lands  being  considered  for  development.  As 
Marshall  does  not  provide  a  mass  transit  system  which  could  be  used 
for  transportation  from  outlying  residential  areas,  private  vehicles 
serve  as  the  primary  mode  of  transportation  for  area  residents  to 
necessary  services  Neither  of  the  undeveloped  floodplain  or 
nonfloodplain  areas  under  study  could  be  considered  within  easy  and 
safe  pedestrian  access  to  all  existing  community  services. 

45,  In  summary,  there  appears  to  be  little  differentiation  in  the 
relative  attractiveness  of  floodplain  and  nonfloodplain  lands  in 
determining  potential  development  locations,  according  to  the  social 
factors  discussed  above.  Development  patterns,  should,  therefore,  be 
determined  solely  on  the  basis  of  relative  cost  and  availability 
during  periods  of  peak  demand.  Since  cost  are  roughly  equivalent 

for  both  floodplain  and  nonfloedplain  areas,  availability  is  expected 
to  be  the  key  determinant  in  locating  new  development.  On  this  basis, 
a  significant  proportion  of  the  available  undeveloped  floodplain 
acreage  is  projected  to  be  developed  prior  to  the  initiation  of  any 
Corps'  protection  works. 
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UPSTREAM  DEVELOPMENT 


46.  Development  under  existing  conditions  --  Under  the  existing 
flood  and  institutional  setting,  only  a  very  small  portion  (S  acres) 
of  the  affected  area  could  be  developed  without  changes  to  the  topo¬ 
graphy.  This  small  area  is  located  immediately  upstream  of  County 
Highway  7,  south  of  the  river,  and  in  the  immediate  vicinity  of  the 
only  farmstead  in  the  area.  To  develop  the  remaining  portion,  the 
floodplain  lands  would  require  fill  to  the  100-year  flood  elevation 

plus  1  foot.  Such  changes  are  currently  occurring  inside  the  alternative 
levee  area  on  floodplain  lands  and  are  readily  predictable  outside  the 
alternative  levee  area  in  the  upstream  floodplain.  Maximum  fill  height 
would  be  about  6  to  8  feet  and  the  average  fill  height  would  be  about 
2.2  feet.  Any  such  landfill  would  have  to  provide  for  maintenance  of 
a  suitable  floodway  meeting  State  floodplain  management  requirements. 

Any  future  development  would  be  subject  to  flooding  from  floods 
exceeding  the  flood  protection  elevation.  Residential  development 
of  15  to  60  acres  of  this  floodplain  is  predicted  to  be  a  pre-project 
condition. 

47.  Various  options  would  be  available  to  local  interests  to  achieve 
a  designated  floodway.  One  would  be  the  creation  of  a  floodway  along 
the  southeast  overland  flood  flow  path  to  the  County  Highway  7 
overflow  area  and  through  the  area  east  of  County  Highway  7  to  the 
river  below  the  existing  diversion  structure.  Floodway  requirements 
could  also  be  met  by  routing  the  floodway  along  the  edge  of  the 
affected  area  to  tie  into  the  County  Highway  7  overflow  area.  Third, 
a  floodway  could  be  designated  along  the  river  channel  only  with  no 
provision  for  future  overflow  over  County  Highway  7.  Preliminary 
studies  indicate  that  approximately  10  to  15  acres  of  the  cropland  area 
would  be  required  for  floodway  purposes. 
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48.  Under  existing  conditions,  with  no  provision  for  a  floodway 
through  the  area,  approximately  460,000  cubic  yards  of  fill  would  be 
required  to  achieve  the  100-year  plus  1-foot  elevation  in  the  area 
above  Highway  7.  Estimated  local  fill  costs  would  be  about  $250,000. 
This  area  can  be  developed  with  or  without  the  selected  project.  The 
city's  proposed  land  use  of  this  area  is  multi-family  residential 

(see  plate  F-10).  Sewer  and  water  facilities  of  an  adjacent  development 
are  of  sufficient  size  to  accommodate  development  in  this  area,  and 
the  area  is  easily  accessible  to  downtown  shopping  and  other  essential 
public  facilities. 

49.  Development  of  portions  of  the  12S  acre  upstream  floodplain  area 
would  result  in  certain  social  effects.  Structural  flood  damages 
should  be  avoided  for  those  structures  built  to  State  floodplain 
management  standards  and  any  residual  damages  for  flood  events 
exceeding  these  standards  would  be  compensated  for  those  residences 
possessing  flood  insurance.  The  reduction  in  risk  for  property 
damages,  however,  does  not  necessarily  imply  that  no  adverse  social 
effects  would  occur.  Until  full  development  of  the  upstream  floodplain 
area  occurred,  the  periodic  presence  of  ponded  water  in  low-lying 
unfilled  areas  would  present  a  safety  hazard,  especially  for  small 
children,  if  the  area  was  not  properly  cordoned  off.  This  would  be 
particularly  true  for  that  area  which  currently  serves  as  an  overflow 
area  near  County  Highway  *7.  In  addition  to  the  flood  hazard  in  the 

150-acre  upstream  floodplain  area,  the  developing  lands  insnediately 
downstream  of  County  Road  #7  would  have  to  continue  to  comply  with 
State  floodplain  management  fill  requirements  due  to  continuance  of 
floodwater  overflows  of  County  Road  *7  during  flood  events.  Other 
adverse  social  effects  would  occur  to  residents  of  the  floodplain, 
area  from  disruptions  in  transportation  patterns  and  the  delivery  of 
goods  and  services. 
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50.  Development  with  Selected  Levee  Alignment  --  With  the  selected 
alignment,  the  125  acres  could  be  developed  in  accordance  with  State 
floodplain  management  criteria  without  any  fill  requirements.  Thus, 
the  selected  levee  alignment  would  result  in  a  direct  savings  of  about 
$250,000  by  not  having  to  fill  the  area.  This  is  an  induced  benefit 
of  the  levee  in  that  flood  protection  afforded  by  the  levee  may 
encourage  development  in  the  floodplain  to  occur  sooner  than  the  conditions 
without  flood  protection.  This  is  particularly  true  for  the  low- 

lying  overflow  areas  on  both  sides  of  County  Highway  #7.  However,  in 
the  long-term,  these  areas  would  be  developed  under  either  condition. 

51.  As  previously  described  in  the  discussion  under  "Selected  Plan", 
measures  have  been  incorporated  into  the  levee  design  to  minimize  the 
impacts  on  human  safety,  health,  and  welfare.  Based  on  considering 
the  exposure,  severity,  and  preventative  measures,  the  risk  to  human 
safety,  potential  for  loss  of  life,  and  magnitude  of  economic  loss  are 
less  with  the  selected  plan  than  without.  Interior  drainage  facilities 
have  been  included  in  the  levee  design  and  apnropriate  storm  sewer 
systems  would  be  required  in  the  upstream  floodplain  area  as  urban 
development  occurs. 

52.  Development  with  Alternative  Levee  Alignment  --  In  the  absence 
of  action  by  the  city,  15  to  60  acres  of  residential  development 

is  predicted  to  occur  prior  to  project  construction  outside  the  alternative 
levee.  Alignment  with  the  alternative  levee  alignment  presents  at 
leaat  four  evident  options  for  future  use  of  the  undeveloped  affected 
lands:  (1)  the  city,  having  purchased  the  land  in  fee  (city  considers 
alternative  purchase  of  flood  easements  to  cost  as  much)  could  choose 
to  let  the  land  revert  to  a  natural  vegetative  state;  (2)  the  city 
could  choose  to  develop  the  purchase  of  lands  as  flood  damage-free 
open-space  recreation  area,  not  a  critical  need  now  or  in  the  foreseeable 
future;  (3)  the  city  could  lease  the  acquired  lands  to  an  operator  for 
continued  agricultural  productivity;  or  (4)  the  acquired  lands  could  be 
resold  for  development  provided  that  landfill  elevations  and  floodway 
requirements  are  in  accordance  with  State  floodplain  management  regulations. 
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53.  Thus,  under  the  alternative  levee  alignment,  local  interests 
could  also  develop  the  floodplain  area  bounded  by  the  roadside 

levees  provided  fill  elevation  requirements  were  met.  As  this  alternative 
would  result  in  an  increase  in  design  water  surface  levels  of  about 
2  feet  over  existing  conditions  (due  to  restriction  of  the  flood 
flow  area),  fill  requirements  would  be  about  double  those  required 
under  existing  conditions  for  a  fill  cost  of  around  $500,000. 

Likewise,  the  added  2  feet  would  make  the  pre-project  development 
again  subject  to  100-year  flood  elevations  despite  raised  1st  floors. 

54.  The  alternative  levee  alignment  would  result  in  a  number  of 
adverse  social  impacts  in  the  upstream  floodplain  area.  Development 
which  has  and  would  occur  prior  to  project  construction  would  have  to 
be  relocated  from  the  area,  as  the  current  fill  levels  would  be 
inadequate  to  meet  floodproofing  requirements  with  the  raised  flood 
elevations.  Residential  development  of  the  area  would  be  hampered 
by  the  levee  which  would  rise  well  above  the  first  floor  elevations 
of  most  homes.  If  the  area  were  not  used  for  residential  development 
purposes,  an  adequate  amount  of  land  would  not  be  available  to  satisfy 
short-term  demands.  Thus,  a  short-term  "tight"  land  market  would 
occur  resulting  in  escalation  of  land  values  in  the  area.  This 
alternative  would  have  accelerated  growth  effects  similar  to  those  of 

the  selected  plan  in  the  low  lying  floodplaii.  area  east  of  County  Road  *7. 

DOWNSTREAM  DEVELOPMENT 

55.  Development  under  existing  conditions  --  Under  existing  conditions, 
the  80  acres  of  agricultural  floodplain  lands  could  be  developed  in 
compliance  with  State  floodplain  management  law,  if  the  area  were 
filled  to  an  elevation  1  foot  above  the  100-year  flood  level.  A  3- 

to  5-foot  maximum  (1.7  foot  average)  fill  would  be  needed  to  fulfill 
these  requirements.  This  would  involve  approximately  220,000  cubic 
yards  of  fill  at  estimated  local  costs  of  $120,000.  The  city's 
proposed  land  use  of  this  area  is  single-  and  multi-family  residential, 
and  aschool  or  college  (see  plate  F-10).  Pre  and  post-project  residential 
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development  is  predicted  to  occur  in  this  area  in  order  to  satisfy 
future  urban  residential  growth  and  development  and  Southwest  State 
University  expansion.  Ihe  projected  expansion  of  Southwest  State 
University  is  limited  in  terms  of  potential  location  by  the  need 
for  keeping  facilities  (especially  student  housing)  in  close  proximity 
to  the  existing  University  complex.  Development  of  these  facilities 
on  the  east  siue  of  the  I .H.  23  bypass  would  require  certain  safety 
precautions.  This  might  include  traffic  semaphores  or  pedestrian 
overpasses  which  would  either  be  not  in  keeping  with  highway  department 
standards  or  beyond  the  present  financial  capacities  of  the  University. 
On  the  west  side  of  I .11.  23,  the  only  nonfloodplain  lands  available 
for  development  and  in  close  proximity  to  the  campus  area  are  presently 
toned  by  the  city  for  general  and  service  commercial  development.  As 
growth  is  also  projected  for  these  uses,  it  is  questionable  whether 
the  city  would  transfer  these  lands  for  University  development. 

Although  city  residential  growth  is  floodplain  dependent,  it  can  be 
accommodated  in  other  areas  of  the  city.  However,  development  of  the 
downstream  floodplain  area  is  essential  to  the  expansion  needs  of 
Southwest  State  University.  Additional  undeveloped  lands  toned  for 
residential  use  are  available  on  the  east  side  of  T.H.  23,  and  are 
currently  undergoing  minor  development.  Extension  of  city  services 
to  these  lands,  however,  would  result  in  costs  in  excess  of  those 
required  to  develop  the  available  floodplain  lands,  and  city  annexation 
of  this  area  might  prove  difficult  due  to  the  present  outside 
development  activites. 

56.  Development  with  selected  levee  alignment  --  The  selected  levee 
alignment  allows  for  development  of  the  80  acres  of  floodplain  without 
requiring  the  fill  that  would  have  been  necessary  under  existing 
conditions.  Thus,  the  selected  levee  alignment  would  result  in  a 
direct  savings  of  about  $120,000  by  not  having  to  fill  the  area.  This 
is  an  induced  benefit  of  the  levee,  in  that  flood  protection  afforded 
by  the  levee  may  encourage  development  in  the  floodplain  to  occur 
sooner  than  the  conditions  without  flood  protection.  However,  on  the 
long-term,  the  area  would  be  developed  under  either  condition. 
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57.  Development  with  alternative  levee  alignment  -  As  the  80  acres 
of  agricultural  land  are  excluded  from  flood  protection  by  the  levee, 
development  could  occur  only  by  filling  the  area  1  foot  above  the 
100-year  flood  level,  in  accordance  with  State  floodplain  management 
criteria.  The  fill  requirements  and  cost  of  fill  would  be  the  same 
as  that  required  under  existing  conditions.  Therefore,  there  is  no 
direct  or  indirect  encouragement  for  development  by  the  Executive 
Order  11988  proposal.  However,  the  pre-  and  post-project  residential 
urban  development  and  Southwest  State  University  expansion  which  is 
floodplain  dependent  would  be  outside  the  levee  projected  area  and  separated 
by  the  embankment  from  existing  pertinent  university  facilities. 

Further,  if  the  Highway  23  bypass  was  constructed  along  the  proposed 
highway  alignment,  the  alternative  levee  would  be  rendered  obsolete,  with 
a  resultant  loss  of  $199,000  to  the  national  economic  development 
account,  in  addition  to  the  cost  of  additional  fill  required  by  the 
bypass  to  replace  the  levee  that  would  have  been  used  under  the 
selected  plan. 

SUMMARY  OF  FLOODPLAIN  DEVELOPMENT  POSSIBILITIES 

58.  The  primary  purpose  in  developing  the  alternative  levee  alignment 
was  to  preclude  any  induced  development  of  undeveloped  agricultural 
floodplain  protected  by  the  proposed  levee  alignment.  Floodplain 
development  with  both  the  upstream  and  downstream  alternative  levee 
alignments  is  more  expensive,  but  not  precluded.  Development  in  the 
floodplain  may  still  occur  in  accordance  with  State  floodplain  manage¬ 
ment  criteria  by  filling  the  floodplain  lands  to  1  foot  above  the  100- 
year  flood  elevation.  With  the  upstream  reach  alternative  levee  align¬ 
ment,  fill  costs  would  be  approximately  double  those  with  existing 
conditions  (due  to  the  increase  in  flood  stages),  while  the  downstream 
fill  costs  would  stay  approximately  the  same. 
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II  . 


PRACTICABILITY  CONSIDERATIONS 

59.  Included  in  the  objective  of  the  Executive  Order  is  a  statement: 
"Avoid  the  base  floodplain  unless  it  is  the  only  practicable  alternative." 
The  practicability  of  the  alternative  levee  alignment  versus  the  proposed 
levee  alignment  was  evaluated  on  the  basis  of  16  factors  listed  in  the 
guidelines  for  implementing  the  Executive  Order. 

DEFINITION  OF  PRACTICABILITY 

60.  Practicable  is  defined  in  the  guidelines  for  implementing  the 
Executive  Order  as  "capable  of  being  done  within  the  existing 
constraints.  The  test  of  what  is  practicable  depends  upon  the 
situation  and  includes  consideration  of  the  pertinent  factors,  such 
as  environment,  cost,  or  technology."  iable  J-8  is  the  comparision 
table  developed  for  determining  the  pract icab i 1 i t v  of  the  alternative 
levee  alignment. 

EVALUATION  OF  ALTERNATIVE  LEVEE  ALIGNFENT 

61.  The  determinat ion  of  whether  a  practicable  alternative  exists 

is  based  on  the  advantages  and  disadvantages  of  floodplain  and  nonflood¬ 
plain  sites.  Factors  to  be  considered  in  making  t!v  determination  and 
the  evaluation  of  these  factors  are  shown  in  tabl<  J-8. 

62.  As  shown  in  table  J-8,  one  of  the  major  factors  considered  in 
this  situation  was  economics.  The  alternative  levee  alignment  would 
result  in  a  5891,100  increase  in  non-Federal  costs,  an  amount  ritv 
officials  say  is  "far  beyond  the  reasonable  acceptance  of  the  city". ^ 

In  addition,  the  alternative  levee  alignment  would  approximately  double 
the  amount  of  fill  needed  to  meet  State  floodplain  management  regulations 
for  development  of  the  area,  which  amounts  to  an  increase  in  cost  of 
$250,000.  Adjacent  sewer  and  water  facilities  can  accommodate  develop¬ 
ment  in  this  area.  Addition  location  benefits  are  realized  by  the 


*  JTaken  from  a  letter  to  the  Corps  of  Engineers  from  Mr.  Robert  C. 

Hirmer,  President  of  the  Marshall  City  Council,  dated  10  August  1978.  Appendix  I 
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selected  levee  alignment  in  that  it  makes  use  of  existing  high  ground, 
is  economically  cheaper,  and  is  a  more  engineeringly  efficient  levee 
alignment. 

63.  Of  the  remaining  factors  listed  for  practicability  considerations, 
additional  benefits  to  fish  and  wildlife  habitat  values  were  realized 
by  the  alternative  levee  alignment.  Approximately  half  of  the  proposed 
channel  modifications  would  not  be  necessary  with  the  alternative 
levee  alignment.  In  addition,  the  alternative  levee  alignment  would 
discourage  or  retard  future  development  of  agricultural  lands  which 
provide  wildlife  habitat.  The  selected  riverbanks  levee  alignment 
requires  the  removal  of  approximately  30  large  mature  shade  trees 

with  resulting  long-term  adverse  effects  on  songbirds  and  small 
mammal  populations. 

64.  The  alternative  levee  alignment  was  determined  not  to  be  a 
practicable  alternative  as  the  negative  economic,  functional  need 

for  locating  development  in  the  floodplain,  and  location  advantages  far 
outweigh  the  benefits  realized  to  fish  and  wildlife  habitat  values. 

In  addition,  the  alternative  levee  alignment  is  unacceptable  to  the 
city  of  Marshal  1 . 

PRESIDENT'S  BUDGETARY  CRITERIA 

65.  The  President's  fiscal  year  1980  budgetary  criteria  require  that 
a  "Project  does  not,  directly  or  indirectly,  support  future  floodplain 
development  in  areas  other  than  those  near  already  urbanized  areas  or 
where  floodplain  values  have  been  largely  lost  and  avoids,  to  the 
extent  possible,  the  long-and  short-term  adverse  impacts  associated 
with  the  destruction  or  modification  of  wetlands."  The  selected  levee 
alignment  generally  meets  requirements  in  that  Marshall  is  an  urbanized 
area,  the  floodplain  land  is  presently  in  agricultural  use,  and  the 
alignment  avoids,  to  the  extent  possible,  adverse  impacts  associated 
with  any  destruction  or  modification  of  wetlands. 
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EXECUTIVE  ORDER  11990 


OBJECTIVE 

66.  The  objective  of  Executive  Order  11990  is  to  avoid  to  the  extent 
possible  the  long-  and  short-term  impacts  associated  with  destruction 
or  modification  of  wetlands  wherever  there  is  a  practicable  alternative. 

DESCRIPTION  OF  AREAS  AFFECTED 


67.  The  area  of  concern  pertaining  to  Executive  Order  11990  is 
located  upstream  of  the  diversion  structure  and  was  described  previously 
in  the  Executive  Order  11988  upstream  problem  area  description  (paragraph 
S,  section  J).  The  selected  project  is  also  discussed  in  the  Execu¬ 
tive  Order  11988  analysis  (paragraph  7,  section  J) .  Conflict  with 
the  objective  of  Executive  Order  11990  resulted  from  the  loss  of  2.3 
acres  of  riparian  woodland  (Type  1  wetland)  required  by  the  selected 
plan  for  channel  modifications. 

DESCRIPTION  OF  ALTERNATIVES 


68.  The  alternative  levee  alignment  described  previously  in  the 
Executive  Order  11988  analysis  (paragraph  13,  section  J)  was  evaluated 
with  regard  to  Executive  Order  11990  and  protection  ofwetlands.  By 
removing  the  right  bank  levee  and  replacing  it  with  the  highway  levee 
alignments,  right  bank  channel  modifications  would  not  be  required. 
However,  this  alternative  would  still  result  in  the  loss  of  1.4  acres 
of  riparian  woodland  (Type  1  wetland)  required  by  the  left  bank  channel 
improvements.  The  left  bank  channel  improvements  are  necessary  to 
protect  the  Burlington  Northern  Railroad  embankment  and  the  left  bank 
levees  near  County  State  Aid  Highway  7  and  downstream  of  the  drop 
structure. 
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PRACTICABILITY  CONSIDERATIONS 


GENERAL 

09.  Included  in  the  President's  Executive  Order  11990  is  a  statement 
that  new  construction  should  not  be  allowed  in  the  wetlands  unless 
"there  is  no  practicable  alternative  to  such  construction  and  ... 
the  proposed  action  includes  all  practicable  measures  to  minimize 
harm  to  wetlands  which  may  result  from  such  use."  The  alternative 
levee  alignment  was  evaluated  to  determine  if  it  was  a  practicable 
alternative  capable  of  minimizing  the  loss  of  2.1  acres  of  Type  1 
wetland . 

EVALUATION  OF  ALTERNATIVE  LEVEE  AL1GNNENT 


70.  The  alternative  levee  alignment  would  save  0.9  acre  of  riparian 
woodland  from  destruction  due  to  right  bank  channel  modifications, 
resulting  in  an  increase  in  non-Federal  first  costs  of  $891,000. 

However,  this  alignment  would  still  require  the  taking  of  1.4  acres 
of  Type  1  wetland.  This  large  increase  in  costs  is  unacceptable  to 
the  city  of  Marshall.  Other  factors  relating  to  the  practicability  of 
the  alternative  vere  discussed  previously  in  the  Executive  Order  11988 
analysis  (paragraph  S4(  section  .1),  For  these  reasons,  the  alternative 
levee  alignment  is  considered  not  to  constitute  a  practicable  alternative. 

CONCLUSION 

71.  The  District  Engineer  has  determined  that  the  selected  alignment 
is  in  complete  compliance  with  Executive  Orders  11988  and  11990  and  is 
the  only  practicable  alternative  for  providing  flood  protection  to 

the  city  of  Marshall.  The  selected  alignment  is  also  generally  in  agree¬ 
ment  with  the  requirements  in  the  President's  1980  fiscal  year  budget 
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criteria  p-.  rtaimni{  to  floodplain  development.  The  selected  alignment 
has  been  coordinated  with  and  reviewed  by  the  Minnesota  Department  of 
Natural  Resources.  The  alternative  levee  alignment  was  found  to  be 
not  implementable  as  it  does  not  constitute  a  practicable  alternative, 
does  not  preclude  development  in  the  floodplain,  and  is  not  acceptable 
to  the  cit  of  Marshall. 
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Coordination  With  Other  Interests 
and  Public  Involvement 


Coordination 

The  Marshall  feasibility  study  for  flood  control  was  initiated  in 
1974.  Several  working  meetings  were  held  with  representatives  of 
the  City  of  Marshall,  Lyon  County,  Minnesota  Department  of  Transpor¬ 
tation  regional  office  at  Willmar,  Minnesota,  and  the  Minnesota 
Department  of  Natural  Resources  field  office  at  Marshall.  Various 
other  State  and  Federal  agencies  having  an  interest  in  the  study 
area  were  either  contacted  in  person  or  by  correspondence.  Other 
organizations  and  individuals  contacted  during  the  study  included 
the  Burlington  Northern  Railroad  regarding  their  improvements  in 
the  area,  the  State  College  at  Marshall,  and  numerous  individuals 
interested  in  area  flood  damage  reduction  and  recreation  needs. 

Formulation  stage  meetings  to  apprise  local  officials  and  the  public 
on  alternative  measures  considered  for  the  upstream  and  downstream 
study  reaches  were  held  on  3  March  1975  and  20  October  1975 
respectively.  Views  and  comments  received  at  these  meetings  were 
used  in  developing  the  proposed  plan  of  improvement.  A  draft  Marshall, 
Minnesota  feasibility  report  was  distributed  to  all  interested  Fed¬ 
eral,  State,  and  local  agencies  for  review  and  content  in  November 
1976.  A  late  stage  public  meeting  was  held  in  Marshall  during  Feb¬ 
ruary  1977  to  receive  comments  and  any  suggested  modifications  to 
the  proposed  plan  of  improvement.  Other  than  minor  alignment  changes 
suggested  by  the  City,  no  major  adverse  cosmients  were  received  re¬ 
garding  a  plan  providing  a  100-year  level  of  flood  protection. 
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Subsequent  review  by  higher  Corps  authority  of  the  draft  report  re¬ 
sulted  in  a  r econmendat ion  for  reformulation  of  upstream  reach  al¬ 
ternatives  to  include  consideration  of  two  additional  alternatives 
and  re-analyses  of  the  proposed  level  of  protection.  The  additional 
studies  resulted  in  no  basic  change  to  the  proposed  plan  of  improve¬ 
ment  but  provided  for  an  increase  in  the  level  of  protection  to  the 
133-year  flood  level  with  attendant  raises  in  flood  barrier  heights 
and  re-suing  of  the  proposed  State  Highway  23  culverts. 

On  2  March  1978,  a  meeting  was  held  with  City  officials  to  review 
the  revised  study  recommendations.  The  City  generally  concurs  with 
the  recommendations  as  indicated  in  their  March  1978  letter  included 
in  the  attachments  to  this  report  section.  Since  no  major  changes 
to  the  original  study  findings  were  made,  recirculation  of  the  draft 
report  and  draft  E1S  and  another  late-stage  public  meeting  were  not 
considered  necessary. 

On  30  March  1978,  a  meeting  was  held  at  the  Minnesota  Department  of 
Natural  Resources  to  discuss  the  proposed  project.  St.  Paul  District, 
Corps  of  Enginers,  U.S.  Soil  Conservation  Service,  Southern  Minnesota 
River  Basin  Commission,  and  Minnesota  Department  of  Natural  Resources 
were  represented.  Discussions  at  this  meeting  covered  the  proposed 
project  with  emphasis  on  the  interbasin  crossflow  analysis,  the 
protection  of  undeveloped  lands,  and  mitigation  of  the  4.2  acres  of 
woodland  that  would  be  lost.  Subsequent  new  evaluation  of  these 
concerns  resulted  in  no  significant  changes  to  the  report  other  than 
clarification  of  existing  condition  and  proposed  project  condition 
overflows  into  the  Cottonwood  River  basin. 

Subsequent  to  this  coordination,  extensive  analysis  was  made  of  the 
proposed  levee  alignments  in  response  to  Executive  Orders  11988  and 
11990.  A  substantial  reanalysis  of  the  proposed  recreational  improve¬ 
ments  was  also  made  resulting  in  the  extension  of  the  proposed  trail 
system  upstream  ot  the  Highway  23  wayside  park  and  deletion  of  two 
connecting  segments  from  the  proposed  federally  cost-sharad  plan. 
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The  results  of  these  studies  and  studies  responding  to  Section  404 
concerns  were  discussed  with  City  officials  and  interested  public 
at  a  2  April  1979  meeting  in  Marshall.  Resolutions  of  intent  to 
meet  required  items  of  local  cooperation  for  both  the  proposed  flood 
control  and  recreational  improvements  were  adopted  by  the  City  at 
this  meeting.  Related  correspondence  and  the  resolutions  from  the 
City  are  included  in  the  attachments  to  this  report  section. 

A  summary  of  comments  received  regarding  the  draft  report  submitted 
in  November  1976  together  with  a  related  discussion  is  given  on  the 
following  pages.  Correspondence  received  subsequent  to  this  initial 
review  and  interim  correspondence  received  since  the  February  1977 
late-stage  public  meeting  is  included  in  the  attachments. 
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the  proposed  action.  Consultation  with  the  Statj  Archaeologist,  during  the  post-authori- 
Dr.  Elden  Johnson,  Dcpartneut  of  Anthropology,  University  of  cation  planning  studies 

Minnesota,  Minneapolis,  N?«  5S45S,  is  suggested  in  order  to  and  would  be  closely  co¬ 
coordinate  archaeological  survey  and  recovery  during  project  ordinated  with  the  State 

development.  Archeologist. 
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indicated  above,  the  local  and 
federally  constructed  measures 
have  reduced  flood  stages  but 
still  leave  the  City  without  an 
adequate  level  of  protection. 


Agency  Ccrr-ents  on  Marshall  Minnesota  (Continued 
_ F easi b 1 1  it »  H e~*ort  F or  Flood  C on t ro 1 


gated  in  the  joint  SCS-Corps  639 
study. 


I 


A- 


12 

3 

C 


O 

(/>  u 

4> 

C  3 

c  o 
o 


—  o 

<4  u. 

x 

W  M 


t*  ~ 
O  />; 
U  <1 


*-* 

to  o 

<4  c  to 

)  a;  -X 

o  r  »- 

4>  3  p  O 
£  3 

*-»  to  • 

13  ft  ^ 

»  c,  o  c 

TJ  O  -•*  O 
C  D.  *■*  E 
3  o  *j 
O  C  4>  <4 
V«  O  «->  4> 
OO'H  o  ^ 
♦-»  p« 

x  <4  a 

06  M 

'»  -«  3 
X  -•  C 
o 

«  x  ^ 

O  (I'M 


X 

X 


cx  o 

u 

X 

3 

O  o 
*-»  o 

<4  — . 

rr 

•S? 


O  <4  4>  /< 


4>  C'- 
*■*  to 
*  E 
31  4> 
4)  p» 

P*  to 
to  x 
<4  to 


«*  c 
X  o 
^  13 


O  Cl 
C  36 


°-3 

w.  « 

4> 

X  to 

C“S 

<2  a 

-t  c 
-t  o 


c 

O  X 
H  u 
4J  C 
3  0^ 

3^1 

2~  3 

O 

*  U  M 
14  M  63 
r  c  o 
•H  O  u 
XU'-' 


T5 


p»  06  O  CX  to 

to  o  c  x  o  i> 


*-  t.  •«  w  TJ  a  3 


o  -* 


c  >  r. 

*i  c 

<4  •*«  <0 
06  O  X 
<4  u 
4)  CU 

^  o  c 

o  o 

3  — < 

H  (|  1^ 

3  X  V- 
O  M  4> 
*  > 

06  ~ 
*J  C  3 


U*  tO  06  4>  ♦-* 

o  fl  C  rt  * 

c  a>  c 

CJ  U  *J  4> 

JO  <J  10  X  U 

c  -»  *->  *-> 

o 


I  X  r-* 
C  *->  4J 
■-»  c 
<j  r 
o  rt  rt 

x  r-,x 

*-*<4  0 
o 

to  C 


e  c  to 

O  C  P« 
— «  r3  O 
X  X  > 
o  o 


a> 


3  O  <4 

o  x  i> 

&  «-*  G 


*-•  0 
*-*  O  ty 
-*  V-  X 


CU 

3 


K  3  O 
4>  to  <4 


CX-rH  C«  -,-t  Q 

o  iu  *M  d 
X  rj  V  4> 
<-<  O*  Wl  iJ  M 
R  C4  C  1> 

O  O  *M  X  tO 


X  M 

to  *-<  o 

to  O  C 

<u  cx 

6-i  tO 

73  V<  O 
"3  4*  O 
C3  ♦-*  3 
rt 

>.  i  *< 

O  -T3  k! 
*•*  O  >* 
r3  io 
3  rt  4> 
<r  4)  X 
4>  ^ 

"3  O 


4»  C 
>  O 

"~i  Tj  -r-«  <U 

*-»  O  *->  X 
vj  u  w  ♦- 
r.  —  3 
^  14-4  ^-t  a 
4)  «4  C 

PM  >-H 
•— «  tO  <D  S 
<4  at  u 
%4  4> 


<4 


C  - 

o 

*-  C 

O  *3 
CRM 
<4 

C  to 

4  «  - 
*J  X 
»>  y  p 
O  <4 
CU  *J 
*3  B  < 
3  --h 


to 

O  4)  x 

to  X  f-» 

'/I  P  H 

4)  3 

t-.  tpt  tp* 
3  O 
J  M 
3  C  C4 
O  X 
X  ♦-» 
— *  to 
O  R  4> 
♦-*  <4  > 
c4  PU  O 
3  X 

a*  O  r-t 

4)  O 
3  3  X 
<4  C 
(4  4) 
P*  » 

u  <0 

4>  U 


4> 


2  S 

O, 

X 

U  4> 

3  X 
to  P* 
to 

4)  tM 
O  O 


«  u  -  >  a 

o  -H  X  4)  0 


O 

P  1»  H 

tx  U  <4 


O  *-* 


to  ■ 


X  'O  **-i  to 


c:  <p* 
»  4> 
*-*  Q 
<4  3  X 
X  U 
*-»  3  <4 
r.  3 
O  c4  R 
>  „  O 
«  E  U 
<4  4) 


O 

ri 

CX  P. 

*->  to 
o  to  (4 
X  O.  4> 
3  a 


i-t  4>  'O  > 
»  P 
X  *-»  E 
to  O 
4>  CU  U 
'*  3 


4»  to  . 


O 
M 

•h  X  *J 

-t  u  c 
4*  3  O 
X  to  o 


3  -t 
;  o  3 
i  O 

,  -1  o 
'M  X 
*-> 

1  "2  M 
i  *-»  O 

l  o  ^ 

I  •-»  3 

"S  § 

S,  Vt 

o 

4» 

X 

X  1) 

o  c 


Appendix  II 

11-16 


* 


Agency  foments  on  Marshall,  Minnesota  (Continued) 
_ Feisibilitv  Report  For  Flood  Control _ 
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_ Feasibility  Report  for  Flood  Cunt rol _ 
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Agency  Consents  on  Marshal  ,  Minnesota  (Continue. 1) 
Feasibility  Report  For  Flood  Control 
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ologist  plans  for  Redwood  River  flood  control  activities  near 

shall,  Minnesota.  I  agree  with  the  statements  and  the 
omaendations  concerning  cultural  resources  that  appea 
sections  2.026  and  2.027  of  that  document. 
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ATTACHED  CORRESPONDENCE 


Federal 


»  . 


Department  of  Transportation 


U.S.  Coast  Guard 

Federal  Highway  Administration 


U.S.  Department  of  the  Interior  -  National  Park  Service 


U.S.  Department  of  Agriculture 
U.S.  Department  of  Commerce 


-  Office  of  the  Secretary 

-  Soil  Conservation  Service 

-  National  Weather  Service 
Forecast  Office  -  Minneapolis 

-  Office  of  the  Secretary 

-  River  Forecast  Center  -  Kansas  City, 
Missouri 

-  Assistant  Secretary  For  Policy 


U.S.  Environmental  Protection 


Agency 

U.S.  Department  of  Interior  Heritage 
and  Conservation  Service 
U.S.  Soil  Conservation  Service 


Region  V 


State 


Minnesota  Department  of  Agriculture 
Minnesota  State  Planning  Agency 
Minnesota  Pollution  Control  Agency 
Minnesota  Department  of  Natural  Resources 
Minnesota  Department  of  Transportation 
Minnesota  Historical  Society 


County 


Lyon  County  Department  of  Highways 


Local 

City  of  Marshall  -  December  9,  1976 
April  11,  1978 
February  21,  1979 
April  18,  1979 

Appendix  II 
11-31 
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Local  (continued) 

Mr.  Robert  C.  Runchey 

Chicago  and  Northwestern  Transportation  Company 
Transcript  of  23  February  1977  Public  Meeting 
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DEPARTMENT  OF  TRANSPORTATION 
UNITED  STATEG  COAST  GUARD 


MAIUNO  AOOAtM 

COMMANOl  H  (dpl/eis) 

SiCONO  COA*^  UUANI)  OlfcTMlCT 
riOrNAt  fUCK# 

IS20  MARK!  T  sT 
«T  LOU  1 4  MO  «I»OI 

16475 

Ser  009 

14  December  1976 


Department  of  the  Army 

St.  Paul  District,  Corps  of  Engineers 

ATTN:  NCSED-PB 

1135  U.S.  Post  Office  and  Custom  House 
St.  Paul,  MN  55101 

Gentlemen: 


We  have  reviewed  the  draft  environmental  impact  statement  and  feasibility  report 
for  Flood  Control  on  the  Redwood  River  at  Marshall,  Minnesota.  We  have  no 
comment  to  offer  on  either  document. 

Thank  you  for  the  opportunity  to  review  your  feasibility  report  and  environmental 
impact  statement. 


Sincerely, 

I 

C.  E.  JOHNSON,  JR. 

Environmental  Protection  Administrator 
By  direction  of  the  District  Commander 


Copy  to: 

COMDT  (G-WEP-2/73) 

DOT  SECRCP  Region  V 

DOT  (tes),  Office  of  Environmental  Affairs 

CEQ  (5) 


i 


1  \ 


1 


U  S.  DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  HIGHWAY  ADMINISTRATION 
REGION  9 

19209  DIXIE  HIGHWAY 
HOMEWOOD  ILLINOIS  60430 

January  5,  1977 


IM  *ipl*  ntrtn  TO 

05-00.5 


District  Engineer 

St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  &  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Sir: 

The  draft  environmental  statement  and  draft  feasibility  report  for 
flood  control  at  Marshall,  Minnesota  on  the  Redwood  River  have  been 
reviewed.  Our  review  comments  are  as  follows: 

The  approved  Federal-aid  road  system  is  not  entirely  shown  on  the 
exhibits  and  the  discussion  of  them  is  very  sketchy.  Proposed 
FAU  5764  starts  west  of  Marshall  at  TH  19  just  east  of  the  existing 
river  diversion  channel  and  follows  it  northerly  and  easterly  to 
where  it  ends  at  the  existing  river.  From  that  point  FAS  6072 
extends  in  a  generally  easterly  direction  south  of  the  river  and 
ends  at  TH  23.  This  total  system  constitutes  the  northerly  bypass 
of  Marshall. 

Environmental  Statement  -  RE:  EP-ER 

1.  The  "proposed  parkway  by  others”  on  Plate  2  should  be  shown  as 
FAU  5764  since  it  is  an  approved  route. 

2.  The  general  location  of  FAU  5764  should  be  shown  on  Plates  2 
and  3. 

3.  The  general  location  of  FAS  6072  should  be  shown  on  Plate  3 
because  it  is  an  approved  route. 

A.  Highway  Alignment  Levees  and  Combined  Highway  Alignment  Levees, 
•a  discussed  on  pages  38  and  39,  and  shown  as  alternates  on 
Plate  5,  should  be  identified  as  approved  system  routes. 


2. 

Feasibility  Report  -  RE:  ED-PB 

It  would  be  desirable  if  the  text  and  the  exhibits  would  make  reference 
to  approved  Federal-aid  road  system  within  the  confines  of  the  project 
limits.  This  would  entail  the  same  treatment  as  discussed  under 
consnents  on  the  environmental  statement. 


8incerely  yours, 

Donald  E.  Trull 
Regional  Administrator 

By: 

H.  G.  Emrich,  Director 

Office  of  Environment  and  Design 


IN  MM.Y  Itirrft  70.- 


17*123  MWR 


United  States  Department  of  the  Interior 

NATIONAL  PARK  SERVICE 
MIDWEST  REGION 
1709  JACKSON  STREET 
OMANA,  NEBRASKA  68102 
DCL 

^  ’  •-  tJ  iw/O 


Colonel  Forrest  T.  Gay,  III 
District  Engineer,  St.  Paul  District 
Corps  of  Engineers 

1135  U.  S.  Post  Office  G  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Gay: 

Reference  your  letter  NCSED-PB,  December  1,  1976,  pertaining  to  your 
feasibility  study  for  flood  control  on  the  Redwood  River  at  Marshall, 
Minnesota. 

No  established  or  studied  units  of  the  National  Park  Service  or  sites 
eligible  for  registration  as  National  Historic,  Natural  or  Environmental 
Educational  Landmarks  appear  to  be  adversely  affected  by  this  study. 

We  note  that  the  State  Historic  Preservation  Officer  was  consulted 
concerning  this  project  (page  57).  Therefore,  we  suggest  that  his 
recommendations  be  followed  including  procedures  for  archaeological 
resource  mitigation. 

Due  to  the  high  probability  of  archaeological  sites  existing  within 
the  Impact  area  (Appendix  I,  B- 11),  we  recommend  an  archaeological 
survey  be  undertaken  for  all  areas  affected  by  the  proposed  action. 
Consultation  with  the  State  Archaeologist,  Dr.  Eldcn  Johnson,  Department 
of  Anthropology,  University  of  Minnesota,  Minneapolis,  Minnesota  55455, 
Is  suggested  in  order  to  coordinate  archaeological  survey  and  recovery 
during  project  development. 

Copies  of  all  correspondence  should  be  Included  within  the  Impact  state¬ 
ment  to  aid  In  the  review  process. 

Sincerely  yours, 


Merrill  D.  Beal 
Regional  Director 


United  States  Department  of  the  Interior 

Ol  l  ier,  or  TIIF.  M.CKF.TARY 

KOKTII  CINTRAI.  RWMON 
130  S.  DF.AKI  (>R\  S  I  KKKT.  -.'ml  H.OOK 

ciiicaco.  u.i.rxois 
tR  76/1150  January  31,  197/ 

Colonel  Forrest  T.  Gay  III 
District  Engineer 
U.S.  Army  Engineer  District 
St.  Pd'jl 

1135  U.S.  Post  Office  &  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Gay: 

This  responds  to  your  letter  of  December  1,  1976,  requesting  comments  on 
the  Draft  Feasibility  Report  (your  reference  ED-P3)  and  Draft  Environ¬ 
mental  Impact  Statement,  (your  refrrence  ED-ER)  for  the  Redwcod  River  at 
Marshall,  Minnesota.  You  further  requested  that  we  furnish  our  comments 
separately  on  the  two  reports. 

Vie  have  reviewed  the  documents  and  have  the  following  comments: 

DRAFT  EfIV ir;Cr.T*ENTAL  IMPACT  STATEMENT  (DEIS) 

We  believe  that  the  statement  Is  an  adequate  and  accurate  assessment  of 
the  Impacts  of  the  flood  control  project  on  the  resources  within  our 
area  of  jurisdiction  and  expertise. 

DRAFT  FEASIBILITY  REPORT 


'  \ 


Our  review  of  this  document  anc  the  Fish  and  Wildlife  Service's  Investlga 
tlon  of  the  project  has  disclosed  that  fish  and  wildlife  resources  of 
the  area  would  be  affected  In  minor  or  temporary  ways  as  described  in  the 
DEIS.  We  believe  that  adequate  measures  have  been  proposed  In  the  report 
to  minimize  those  adverse  effects.  However,  we  believe  that  the  feasi¬ 
bility  report,  as  ti  authorizing  document,  docs  not  contain  an  adequate 
description  of  the  fish  and  wildllie  resources  nor  the  effects  c>  the 
project  on  Tlv'i^foro,  we  recommend  that  the  description  of  t..c 

fish  and  wildlife  resources  and  the-  efficts  of  the  project  t.i  tr.cm,  as 
found  in  the  PEIS,  he  included  in  the  appropriate  sections  cf  the  Draft 
Feasibility  Report. 


The  Rational  Park  Service  has  advised  that  Its  comments  on  this  report 
have  been  presented  previously  to  you. 


<r  ^ 

l%  s ' 


1*1 


Sincerely  yours, 


/9^ 


a* 


Rulonn;  F.  McGrath 
Actinu  Special  Assistant 
to  ihc*  See  rotary 


|tWC  /•  fy 


IN  l:l  I'LV  K.'.i  (  H  To 


H2415-(1U:KS)PI 


l^n;c-d  Sines  Dcp;;riiijcnl  of  (he  Inferior 

1  ,  si  in  (.  m.ijnon  -  norm  jo; 
m.W  I  k,  C.dl OkADO  b(C*L’7 


AUG  1  1  1078 


» 


Mr.  Robert  F.  Post 

Chief,  Environmental  Resources  Branch 

F.nginoering  Division 

Army  Corps  of  Engineers 

113b  U.S.  Post  Office  &  Customhouse 

St.  Paul,  Minnesota  55101 

Dear  Mr.  Post: 

We  have  reviewed  the  report  on  "An  Archeological  Survey  of  a  Proposed 
Flood  Control  Project  in  Marshall,  Minnesota"  by  Philip  H.  Salkin  and 
offer  the  following  comments. 

Consultation  with  the  State  Historic  Preservation  Officer,  State  Archeo¬ 
logist,  and  the.  latest  listing  of  properties  on  the  National  Register 
of  historic  Places  should  be  documented  in  the  report. 

Amp  outlining  the  actual  project  area  along  with  the  area  surveyed 
sliouid  be  included  in  the  report.  This  map  should  also  depict  the  areas 
of  test  excavarions. 


The  author's  recommendations  on  page  10  should  be  follnwed.  Any  sites 
discovered  during  construction  should  be  reported  immediately  to  the 
State  Historic  Preservation  Officer  and  the  State  Archeologist. 

Other  than  these  few  comments,  we  found  the  report  to  be  fairly  thorough 
I  the  author  should  be  commended  for  doing  a  good  job. 

If  vc  can  be  of  any  further  assistance,  please  feel  free  to  contact  us. 


<5% 

(s'  vr>  s 

*>>*.*i* 


Russell  Fridley,  SHPO  MN 

Dr.  Elden  Johnson,  State  Archcologiat 


J 


'United  Stales  Department  of  the  Interior 

HMI  ANI>  WII  l>i  II  I  SI  KVICI 

St.  Paul  Finld  Office,  CcoIoricbI  Service* 

638  Federal  DuilcJmg  and  U  S.  Court  Mouse 
316  North  Robo  t  Stroot 
St.  Paul,  Mmnosota  05101 


to: 


Colonel  Forrest  T.  Cay  %  ^  AU3  137& 

District  Engineer 

U.S.  Army  Corps  of  Engineers 

St.  Paul  District 

1135  U.S.  Post  Office  It  Custom  House 

St.  Paul,  Minnesota  55101  Attn:  NCSEC-ER 

Dear  Colonel  Gay: 

This  responds  to  your  letter  of  August  1,  1978  requesting  formal  documentation  of 
compliance  with  the  1958  Fish  and  Wildlife  Coordination  Act  (4S  Stat.  901,  as  amended; 
16  U.S.C.  661  et  seq.)  for  the  Redwood  River  Flood  Control  Project  at  Marshall, 
Minnesota.  This  Act  requires  agencies  to  coordinate  with  the  Department  of  Interior  to 
provide  that  wildlife  conservation  shall  receive  equal  consideration  with  other  features 
of  resource  development  programs.  In  project  planning  compliance  with  the  Act 
occurred  through  consultation  with  U.S.  Fish  and  Wildlife  Service  and  by  receipt  of  the 
Department  of  Interior's  January  31,  1977  comments  on  the  Draft  Environmental  Impact 
Statement  for  the  Redwood  River  at  Marshall. 

Additional  comments  are  now  proved  regarding  the  planned  construction  and  recent 
Executive  Orders  that  recognize  the  Nation's  floodplains  as  the  scene  of: 

1.  unacceptable  and  increasing  flood  losses  and 

2.  degradation  of  natural  and  beneficial  values. 

To  solve  the  existing  flooding  problem  in  Marshall,  Minnesota  a  2,260  foot  long  levee 
along  the  left  (north)  bank  and  a  6,280  foot-long  levee  along  the  right  (south)  bank  are 
proposed  i or  cousli  uciio.i  in  liic  upstream  portion  of  the  project.  A!::  Included  would  So 
upstream  channel  modifications  consisting  of  500  feet  of  channel  realignment,  reshaping 
and  riprapping.  The  project  alternative  would  involve  encroachment  into  9.2  acres  of 
floodplain  of  which  2.3  ere  classified  as  riparian  woodland  or  Type  I  wetland  (U.S.  Fish 
and  Wildlife  Circular  39).  In  the  view  of  the  Fish  and  Wildlife  Service,  this  action  would 
conflict  with  Executive  Order  1 1990- Protection  of  Wetlands  and  Executive  Order  11988 
-  Floodplain  Management  as  a  practicable  alternative  appears  to  exist.  Most  of  the 
Nation's  wetlands  are  located  in  floodplains,  thus  agency  procedures  for  floodplain 
management  will  frequently  apply  to  wetlands.  Executive  Order  1 1990  Protection  of 
Wetlands,  states  that  "each  agency  to  the  extent  permitted  by  law,  shall  avoid 
undertaking  or  providing  assistance  for  new  construction  located  in  wetlands  unless  the 
head  of  the  agency  finds  (1)  that  there  is  no  practicable  alternative  tosuch  construction, 
and  (2)  that  the  proposed  action  includes  all  practicable  Measures  to  minimize  harm  to 
wetlands  which  may  result  from  such  use. 


\ 


2. 

Executive  Order  1 1988  -  Floodplain  Management  is  based  in  part  on  the  National 
Environmental  Policy  Act  of  1969,  and  adds  new  prominence  to  the  environmental 
aspects  of  floodplain  management.  This  Order  requires  that  decision-making  by  Federal 
agencies  clearly  recognizes  that  floodplains  have  unique  and  significant  public  values. 
Consideration  must  be  given,  therefore,  to  natural  and  beneficial  floodplain  values  and  to 
the  public  benefit  to  be  derived  from  their  restoration  or  preservation. 

To  comply  with  Executive  Order  11990  and  119SS  by  avoiding  the  direct  or  indirect 
support  of  construction  in  wetlands  and  floodplains  further  investigation  into  the 
alternative  of  raising  the  grades  of  State  Trunk  Highway  23  and  County  State  Aid 
Highway  7  on  the  South  and  East  border  of  Section  7  T.  Ill  N.,  R.  41  W.,  Lyons  County. 
This  would  piovide  the  necessary  project  objective  of  moderating  floods  by  providing  a 
broad  area  to  spread  and  slow  floodwaters,  thereby  reducing  velocities  and  flood  peaks 
and  it  would  allow  the  floodplain  to  continue  to  provide  the  following  benefits:  water 
quality  maintenance,  ground  water  recharge,  fish  and  wildlife  habitat,  aesthetics, 
outdoor  education  and  recreation,  agriculture,  aquaculture,  and  forestry. 

We  strongly  suggest  further  consideration  of  this  alternative  that  will  allow  the  project 
to  comply  with  Executive  Orders  1 1990  and  1 19SS. 


Sincerely, 

f**'  Richard  F.  Berry 
'  Field  Office  Supervisor 


ca  MN  DNR,  St.  Paul,  MN 


1'nilt‘d  Slates  Department  of  the  Interior 


I  IMI  \\l>  ‘All  Dl  M  SI  KVK  I 
TWIN  CITIES  AREA  OFFICE 
530  Fodeml  Building  and  US  Court  Mouse 
316  North  Robert  Street 
St  Paul.  Minnesota  55101 


IN  V  nr  M  •>  It 


MAR  3  0  '-*< 


Colonel  Forrest  T.  Gay,  HI 
District  Engineer 
U.S.  Army  Corps  of  Engineers 
St,  Paul  District 

1 1 35  U.S.  Post  Office  k  Custom  Mouse 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Gay: 

This  responds  to  the  Public  Notice  dated  February  28,  1979,  regarding  the  Corps  of 
Engineer’s  compliance  with  Section  4G9  of  the  Clean  Water  Act  of  1977  for  flood 
control  plans  involving  dredging  and  filling  in  the  Redwood  River  at  Marshall, 
Minnesota.  The  flood  damage  reduction  plan  would  provide  protection  for  the  city 
of  Marshall  and  adjacent  agricultural  areas.  The  plan  of  wotk  on  the  Redwood  River 
consists  of  channel  widening,  straightening,  and  bank  reshaping  measures;  levees;  on 
overflow  diversion  structure  with  appurtenant  control  and  outlet  works;  interior 
drainage  works;  aesthetic  measures;  recreation  facilities;  and  required  relocations. 

We  have  reviewed  the  proposed  construction  and  find  problems  with  the  project  as  it 
relates  to  compliance  with  Executive  Order  11990-Protection  of  Wetlands  and 
Executive  Order  11988-Floodplain  Management.  As  proposed  the  construction 
p  jject  would  involve  encroachment  into  h.2  acres  of  floodplain,  of  which  2.3  are 
classified  as  riparian  woodland  or  Type  1  wetland  (U.S.  Fish  and  Wildlife  Circular 
39).  Our  letter  of  August  23,  1978  discussed  compliance  with  the  Executive  Orders. 
An  alternative  levee  alignment  involving  raising  the  grades  of  State  Trunk  Highway 
23  and  CSAH  7  on  the  South  and  Fast  borders  of  Section  7,  THIN.,  R41W  was 
presented  in  that  correspondence  as  a  method  to  conserve  wetland  and  floodplain 
acreage.  This  alternative  is  consistent  with  the  directives  of  both  Executive  Orders 
that  agencies  consider  alternatives  to  avoid  adverse  effects  and  incompatible 
development  in  floodplains  and  wetlands.  The  Public  Notice  indicates  that  use  of 
the  wetland  complies  with  Executive  Order  11990-Protection  of  Wetlands.  This 
finding  should  be  clearly  documented  in  the  Revised  Draft  F.nvironmcntal  Impact 
Statement  and  Feasibility  Report  being  prepared  for  this  project. 

In  addition  to  conserving  the  wetland  acreage  the  alternative  levee  alignment  would 
protect  approximately  125  acres  of  floodplain  from  development.  I3y  use  of  this 
alternative,  the  project  would  not  promote  construction  in  the  floodplain.  The  125 
acre  flood|'lain  would  continue  to  provide  an  area  for  flood  water  storage,  water 
quality  maintenance,  ground  water  recharge,  wildlife  habitat  and  agricultural 
production.  Compliam  e  with  Executive  Order  I  1988  should  also  be  documented  in 
the  Revised  Draft  E1S.  In  the  view  of  the  Fish  anti  Wildlife  Service  the  alternative 
levee  alignment  along  T.H.  23  and  CSAH  7  remains  a  practicable  alternative. 


2. 


In  identifying  the  problems  that  brought  about  a  flood  damage  reduction  project  at 
Marshall,  Minnesota;  the  Public  Notice  indicates  tli.it  recurrent  floods  on  the 
Redwood  River  together  with  damaging  overflows  into  the  adjoining  Cottonwood 
River  basin  resulted  in  flood  damages  and  the  need  for  locil  flood  protection.  Vet, 
within  the  construction  plans  chosen  to  solve  the  flooding  problems,  an  overflow 
diversion  structure  is  planned  to  direct  approximately  one-half  the  Redwood  River 
flood  flows  in  excess  of  6,500  cfs  into  the  Cottonwood  River  basin.  This  as  a  cfiosen 
solution  seems  to  perpetuate  the  crossover  flooding  problem  noted  for  this  project 
area  and  identified  as  the  primary  problem  of  the  Upper  Minnesota  River  Subbasin 
Study  Area  (Public  Law  87-639)  of  which  the  Redwood  and  Cottonwood  River  bjsins 
area  part.  The  Draft  Plan  of  Study  for  the  Upper  Minnesota  River  Subbasin  Area 
further  states  that  attempts  to  solve  the  crossover  flooding  problem  individually 
have  had  limited  success  because  it  is  interrelated  among  5  subbasins.  Therefore, 
major  efforts  in  the  6  39  Study  are  directed  toward  correcting  the  problem  on  the 
larger  scale  of  5  subbasins  in  the  Upper  Minnesota  River  Busin.  The  promotion  of 
crossover  flooding  by  the  Redwood  River  Flood  Control  Project  does  not  seem 
justified  in  view  of  the  increased  problem  created  for  the  639  Study  Area. 

These  comments  have  been  prepared  under  the  authority  of  and  in  accordance  with 
provisions  of  the  Fish  and  Wildlife  Coordination  Act  (48  Stat.  401,  as  amended;  16 
U.S.C.  661  et  seq.)  and  are  consistent  with  the  National  Environmental  Policy  Act  of 
1969.  In  our  opinion  use  of  the  construction  alternative  indicated  in  our  August  23, 
1978  letter  would  allow  the  project  to  be  in  compliance  with  Executive  Order  11988 
and  1 1990. 


Sincerely  yours, 


'j.'.rrrD  sTvrcc  department  of  agriculture 

sc;l  c.?v_  cvAViON  s'-:kvice _ 

316  North  Robert  Street,  St.  Paul,  Minnesota  55101 


January  31,  1C  77 


Colonel  Forrest  T.  Gay,  III 

St.  Paul  District,  Corps  of  Engineers 

L’c,  irtir,  -nt  rf  the  Army 

'.j'i?  U.o.  P.rt  Office  •*  Custom  House 

St.  Paul,  Minnesota  55101 

Dc.ir  Sir: 

Subject:  Draft  Environmental  Impact  Statement, 

Flood  Control  Redwood  River  at  Marshall,  Minnesota 

Thank  you  for  furnishing  the  subject  draft  to  this  office  for  review 
and  comment . 

The  effects  of  the  proposed  project  on  agriculture  land  and  agricultural 
production  appear  to  be  adequately  addressed  by  the  draft. 

Page  20,  Section  A. 005,  last  sentence  -  figure  should  be  6,500  not 

8,200. 


Sincerely, 


State  Conservationist 


UflTLD  SVATL.j  DIPARTM 1-717  OF  AGRICULTURE 

so  l  r  n  •:  r  l p.vat lo-i  rrnvicr _ 

-.aw  I •  v »-  ^.i  oti\c;  ,  Sc.  iuul,  Minnesota  591-Jl 


January  31,  1977 

Colo.  ;1  Forrest  T.  Gay,  III 

St.  la.*!  District,  Corpr  of  Engine  'rs 

Department  cf  the  Army 

1222  U.S .  Pest  Office  &  Custon  House 

St.  F;ul,  .ini.escca  59101 

Dear  Sir : 

Subject:  Comments  -  Redwood  River  at  Marshall,  Minnesota 
Draft  Feasibility  Report  for  Flood  Control 

Ue  feel  that  the  proposed  plan  will  provide  the  needed  protection  for 
Marshall  and  is  the  mest  feasible  solution  presently  available  for 
the  reduction  of  flood  damages  in  the  city  of  Marshall,  Minnesota. 

We  suggest  that  the  section  on  Upstream  Reservoir  Storage  -  Plan  A, 
be  rewritten  to  allow  for  reappraisal  under  the  authorized  joint, 

Army  Corps  of  Engineers  and  Soil  Conservation  Service  "639  Study". 

Preliminary  flood  routings  made  as  a  part  of  the  Southern  Minnesota 
Type  JV  Study,  indicated  that  a  reservoir  structural  program  would 
reduce  p?ak  flews  at  Marshall.  Considerable  agricultural  flood 
damages  occur  along  the  Redwood  River  both  upstream  and  downstream  of 
Marshall.  This  problem  will  be  addressed  by  the  "639  Study". 

We  o  feel  t>iat  the  flood  control  project  for  Marshall  will  co:i  plemsnt 
any  overall  measures  proposed  for  the  Redwood  Rive-  as  a  part  of  the 
Joint  "639  Study". 

Specific  editorial  comments  on  the  subject  draft  are  listed  on  the 
attached  sheet. 


Sincerely , 


State  Conservationist 
Atti  chnent 

cc :  Gerald  A.  Simpson,  Am  Conservation t3t,  SCS,  Kirsho  11 ,  M.'l 
ftirion  ?tr:i~,  Director,  Midwest  TSC,  hincoln,  hot  par.!;- 1 
Jon  V.  P.viroct,  Asj’t  Sic Co  Conservationist,  SCS,  St.  Paul,  MM 


Specific  Ccr:--  r.tc  cn  Subject  Draft 


Page  18,  2nd  yar- graph,  ’asf  sentence  add  dollar  sign  to  609,200. 

Page  21,  Upstream  Reservoir  Storage  -  Plan  4  -  Several  Cc.ir.ents 

This  write  up  should  nllnw  for  possible  ”639  Study”  project 
solutions.  For  example, "ar.y  reduction  in  peak  flows  resulting 
from  upstream  storage  would  compliment  this  proposal  dv  reducing 
both  the  ov flow  rto  the  Cotcorwcod  River  Basin  and  flows 
through  the  project  area". 

The  Southern  Minnesota  Type  IV  Study  indicated  that  utilization 
of  storage  on  Lake  Benton,  Dead  Coon  Lake  and  other  potential 
upstream  locations  would  reduce  the  100-year  discharge  to 
approximately  6,500  cfs  at  Wayside  park  where  the  proposed 
diversion  is  located. 

Page  21,  Plan  4  states  in  part  -"Clearly  shows  that  a  single 
large  reservoir  would  lack  sufficient  storage  capacity".  Appendix 
I-D11  states  that  "One  site  was  identified  as  having  sufficient 
storage". 

Page  21,  Plan  4,  2nd  paragraph.  Suggest  changing  in  part  to  read  - 
A  system  of  small  reservoirs  on  headwater  tributary  streams 
presently  under  consideration  to  solve  agricultural  flooding 
would  be  located  to  far  upstream  and  have  to  little  storage 
volume  to  provide  the  desired  flood  protection  for  the  city  of 
Marshall.  The  last  sentence  in  the  above  paragraph  could  remain 
as  is.  Appendix  I  page  D12  should  be  changed  to  reflect  the  above 
wording. 


0 


ten  rb  /,  4, 


f  /> 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SCWVICF _ _ _ 

316  North  Robert  Strjyt,  St.  Paul,  Minnesota  55101 


March  27,  1978 
File:  HCSED-SR 


Mr.  Roh"rt  F.  Post 
Chief,  Environmental  Resources 
Brand),  Engineering  Division 
Dept,  of  the  Army 

St.  Paul  District,  Corps  of  Engineers 
11?5  U.S.  Post  Office  &  Custom  House 
St.  Pail,  Minnesota  55101 


Dear  Mr.  Post: 

This  is  in  reply  to  your  request  for  assistance  in  identifying  prime 
or  uniqti-  farmlands  that  may  be  affected  by  the  proposed  flood  control 
project  o..  tr.'  Re.lwood  River  at  Marshall,  Minnesota. 

Ti,  .  aci.eJ  soil  ns's  identify  prime  farmlands  within  the  areas  out- 
1  j ;  d  'hi  plates  C,-i  and  G-2.  There  is  no  unique  fannland  at  this  site. 


f  O 


Marry  ‘tajor 

St  .to  Conservationist 


End  o.-.i.ros 


I 


I 


\ 


U.S.  DEPARTMENT  OF  COMMERCE 

National  Oceanic  and  Atmospheric  Administration 

NATIONAL  WEATHCH  SERVICE  FORECAST  OFFICE 
Federal  Aviation  Building 
6301  34th  Avenue  South 
Minneapolis,  MN  SS450 


March  1,  1977 


S31.1 


Mr.  Roger  Fast 

Chief,  Engineering  Division 

St.  Paul  District  Corps  of  Engineers 

1135  U.S.  Post  Office  and  Custom  House 

St.  Paul,  FN  SS101 


Dear  Mr.  Fast: 


I  wish  to  offer  the  following  revised  comments  concerning  the  Feasibility 
Study  and  Environmental  Impact  Statement  for  Flood  Control  at  Marshall,  FN. 


I  would  only  mention  the  needs  which  the  National  Weather  Service  has 
with  regard  to  its  flood  forecasting  responsibility  to  the  Marshall 
area.  We  see  the  need  to  locate  a  river  gage  such  that  complete  discharge 
information  can  be  obtained  from  a  single  reading.  Telephone  conversa¬ 
tions  between  our  two  offices  indicate  that  this  work  is  proceeding  which 
we  find  most  reassuring. 

With  climatological  data  recently  received  for  the  1976  calendar  year 
a  change  may  be  of  value  to  the  body  of  the  report.  On  page  B7  Appendix  I, 
of  the  Feasibility  Report  under  the  section  labelled  "Climate"  I  offer  \ 
one  revision.  The  total  liquid  precipitation  for  1976  totalled  12.05 
inches  at  the  NWS's  Marshall  station  and  this  quite  easily  surpasses  l 
the  previously  held  record  of  17.36  inches.  y  j  i/,,,  ^  ^  y  ' 

Sincerely,  ^  " 

rCj  'll*1  I— 


I 


John  V.  Graff 
Meteorologist  in  Charge 


U.R.  DEPARTMENT  OF  COMMERCE 
National  Oceanic  and  Atmospheric  Administration 

NATIONAL  WEATHER  SCRVICE  FORECAST  OFFICE 
Federal  Aviation  Building 
6301  34th  Avenue  South 
Minneapolis,  MN  55450 

531.1 

Col.  Forrest  T.  Gay  III 
District  Engineer 

St.  Paul  District  Corps  of  Engineers 
1135  U.S.  Post  Office  and  Custom  House 
St.  Paul,  to  55101 

Dear  Col.  Gay: 

Three  publications  from  the  St.  Paul  District  Corps  of  Engineers  have  been 
studied  recently  which  detail  the  current  flood  control  studies  for  the 
Redwood  River  at  Marshall,  Minnesota.  These  publications  are: 

Flood  Plain  Information,  Deces&er  1974 

Draft  Feasibility  Report  for  Flood  Control,  November  1976 

Draft  E.I.S.  -  Flood  Control,  November  1976 

The  comments  which  follow  are  this  office's  efforts  to  supply  additional 
facts  on  past  floods  as  well  as  to  suggest  and  request  that  Corps  of  En¬ 
gineers  -National  Weather  Service  cooperation  be  maintained  to  assure  ade¬ 
quate  flood  warning,  control  and  avoidance  at  Marshall. 

In  neither  of  the  afore-mentioned  November  1976  reports  was  there  any  men¬ 
tion  of  the  vital  role  which  the  National  Weather  Service  has  in  its  hydro- 
logic  responsibility  of  flood  forecasting  nor  that  it  was  responsible  for 
accurately  forecasting  the  floods  of  June  1957  and  April  1969  to  mention 
only  the  biggest  ones. 

The  National  Weather  Service  realizes  the  legal  responsibilities  and  bounds 
of  its  charter,  and,  therefore,  not  only  lends  support  to,  but  solicits 
help  from  cooperating  agencies  with  related  interests  and  concerns.  As 
you  well  know,  this  cooperation  extends  to  State  as  well  as  Federal  agencies. 
In  this  vein,  and  as  an  important  operative  within  the  National  Weather 
Service,  this  office  has  always  given  credit  where  deserved  and  we  only 
expect  an  equal  and  fair  return  on  this. 


January  2S,  1977 


Hie  late  Joe  Strub,  ay  predecessor  as  Meteorologist  in  Charge,  made  each 
person  in  this  office  well  aware  of  the  delicacy  with  which  flooding  situ¬ 
ations  had  to  be  handled.  Let  me  sight  one  example  in  particular  that  oc¬ 
curred  during  the  late  April  197S  floods  in  the  Mississippi  River  Headwaters 
area.  Heavy  rains  falling  over  an  alroady  ripe,  melting  snowpack  made  it 
necessary  for  the  Reservoir  Regulation  Section  to  increase  its  already 
sizeable  discharges.  In  no  briefing  to  the  press  or  local  citizens  Airing 
the  flood  did  he  mention  that  the  Corps  was  responsible  for  flow  augmenta¬ 
tion.  Through  caro fully  worded  statements  he  attempted  to  save  tho  St.  Paul 


January  2S,  1977 

District  from  any  possible  anger  from  Aitkin  area  residents. 


Page  2 


I  have  been  here  at  Minneapolis  since  1969  and  have  been  a  part  of  many 
such  situations.  As  Meteorologist  in  Charge,  I  am  continuing  to  stress 
cooperation  in  all  phases  of  our  work.  This  past  summer's  drought  with  its 
multiple  aspects  was  closely  monitored,  but  each  agency  contributed  its 
own  complement  to  the  crisis.  The  DNR  conference  on  the  Twin  Cities  water 
supply  problem  held  on  September  10  is  a  good  example. 

In  a  situation  such  as  the  one  at  Marshall  where  such  a  wide  spectrum  of 
Federal,  State  and  Local  agencies  as  well  as  private  interests  are  involved, 
you  are  undoubtedly  aware  that  full  coordination  of  all  duties  is  ait  abso¬ 
lute  must.  Past  successes  of  both  of  our  agencies  speak  well  of  the  ade¬ 
quate  ground  work  which  was  laid. 

At  this  point  in  the  Marshall  project,  I  see  an  urgent  need  to  coordinate 
our  activities.  This  work,  if  started  now,  will  allow  ample  time  prior  to 
the  beginning  of  the  1977  Spring  snowmelt  season  for  us  to  persue  other 
important  related  matters. 

The  problem  of  obtaining  an  accurate  hydrologic  picture  of  the  Redwood  River 
stage  and  discharge  involves  collection  of  same  -  time  gage  readings  from 
both  the  U.S.G.S.  gage  in  town  as  well  as  from  the  project  structure, 
our  i  imited  staff  size  has  permitted  us  only  recently  to  personally  inves¬ 
tigate  the  situation.  Mr.  Craig  Sanders  from  this  office,  after  an  inspec¬ 
tion  of  the  area,  made  it  apparent  that  this  situation  must  be  rectified  by 
the  establishment  of  a  single  gage.  This  is  in  agreement  with  the  sugges¬ 
tions  of  the  Regional  Hydrologist  at  our  Central  Region  Office  in  Kansas 
City,  MO. 

In  a  letter  to  John  Seemann  of  the  Reservoir  Regulation  Section  dated  Oc¬ 
tober  12,  1976,  I  requested  that  work  be  started  to  resolve  the  problem. 
However,  I  assume  that  the  water  crises  in  other  portions  of  the  District 
took  priority,  thus  preventing  his  study  and  immediate  help,  and  I  can 
fully  understand  this.  Nonetheless,  the  need  is  still  valid. 

My  suggestion  toward  consolidation  of  the  two  gages  is  that  a  wire  weight 
or  an  otherwise  suitable  gage  be  set  on  the  Highway  7  bridge  0.2  miles 
upstream  from  the  diversion  structure.  This  will  suffice  as  an  interim 
•rragnement  even  though  the  high  discharge  problem  of  overland  flow  to  the 
Cottonwood  River  still  exists.  Since  rating  curves  and  channel  cross  sec¬ 
tions  are  presently  available  for  both  the  structure  and  the  U.S.G.S.  gage, 
the  task  of  synthesizing  the  gages  does  not  appear  to  be  impossible.  My 
request  of  you  is  that  we  receive  some  affirmation  that  this  work  is  being 
pursued  so  we  can  in  turn  brief  and  instruct  our  river  and  rainfall  observer 
there. 


January  25,  1977 


Pago  3 


In  future  publications  from  the  Corps,  I  feel  it  should  be  explicitly  men¬ 
tioned  that  because  of  gage  relocation,  hydrologic  services  will  be  main¬ 
tained  despite  what  may  appear  as  disorganization  during  the  construction 
phase  of  the  project.  Most  communities  such  as  Marshall  have  law  enforce¬ 
ment  people  who  are  instructed  in  reading  various  types  of  gages  for  us 
at  very  inopportune  times.  These  tasks  could  prove  most  important  to  all 
of  us  during  the  construction  phase  should  such  a  rainfall  event  affect 
the  area.  For  our  general  information,  I  would  like  to  see  a  tentative 
work  schedule  so  we  can  be  kept  abreast  of  progress. 

Finally,  since  the  ultimate  responsibility  of  operating  the  structure  rests 
with  the  City  of  Marshall  would  you  please  furnish  us  with  a  copy  of  the 
current  regulation  manual  plus  any  revisions  which  come  about  as  a  result 
of  the  planned  work.  It  will  afford  us  much  better  coordination  with  the 
city. 

I  am  looking  forward  to  hearing  from  you  and  would  be  most  anxious  to 
discuss  the  Marshall  situation  with  you,  your  staff  or  other  elements  of 
the  Corps.  Thank  you. 

Sincerely, 

John  V.  Graff 
Meteorologist  in  Charge 


UNITED  STATES  DEPARTMENT  OF  COMMERCE 
Office  of  the  Secretary 

f  rdrr.il  Mi  q<on  V 
CNA  nimiiinq.  Pomyi  110^ 

55  Eott  Jackson  Hnijlrvjrd 
Chicago.  Illinois  G0L»04 


February  14,  1977 


Colonel  Forrest  T.  Gay,  III 

Corps  of  Engineers 

District  Engineer 

Department  of  the  Army 

1135  U.  S.  Post  Office  &  Custom  House 

St.  Paul,  Minnesota  55101 


Dear  Colonel  Gay: 

This  letter  transmits  review  comments  on  the 
draft  feasibility  Report  for  Flood  Control  - 
Redwood  River,  Marshall,  Minnesota.  The 
Economic  Development  Administration  is 
completing  their  review,  which  we  will- 
forward  under  separate  cover. 

If  you  have  any  questions,  please  let  us  know. 


cc: 

Donald  Baker 
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U  S.  DEPARTMENT  OP  COMMERCE 

National  Oceanic  and  Atmospheric  Administration 

national  wcaihlh  SKIVICE 
River  Forecast  Center 
Rm.  1715A,  601  E.  12th  Street 
Kansas  City,  MO  64106 


February  1,  1977 


TO:  James  P.  Stirling,  Representative  of  the  Secretary 

U.S.  Department  of  Commerce 
Federal  Region  V 
CNA  Building,  Room  1302 
55  East  Jackson  Blvd. 

Chicago,  Illinois  60604 

FR0M:  ^Herman  F.  fior.dschein 

Hydrologist  in  Charge 

SUBJECT:  Draft  Feasibility  Report  for  Flood  Control  Redwood  River  at 
Marshall,  MN  (Nov  76) 

Following  are  our  comments  relative  to  the  above  report: 


Page  18,  Line  2-3:  "periodic"  should  be  removed.  Flood  warnings  are 

not  at  fixed  time  intervals,  but  are  due  to  hydro¬ 
meteorological  conditions  as  they  are  anticipated 
to  occur.  Accordingly,  we  suggest  in  line  3  - 
"flood  warnings  issued  by  the  National  Weather  Service 
Forecast  Office  in  Minneapolis  of  impending  Redwood 
River  flood  occurrences. . .etc." 

The  above  comments  also  Impact  on  the  next  paragraph.  Insert  a  second  sentence 
to  read  as  follows: 

"However,  it  is  recognized  that  flood  warnings.  If 
timely  and  accurate,  tend  to  mitigate  flood  losses 
and  are  essential  for  public  safety." 

Start  the  third  sentence  with: 


Page  E-2,  First  Para: 


"Nevertheless,"  and  drop  the  work  "periodic". 

We  suggest  a  last  sentence  as  follows:  "In  addition, 
river  and  flood  forecasting,  an  integral  part  of  the 
design  ancj  operation  of  levees  and  other  flood  con¬ 
trol  systems  and  basic  to  good  multi-purpose  water 
management,  will  continue  to  be  needed." 
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The  same  or  similar  statements  should  be  repeated  in  other  general  paragraphs 
of  this  nature  where  appropriate. 


cc:  Dr.  Gayle  W.  Jackson,  UMRBC  Commissioner ,  DOC 
Elroy  C.  Balke,  Regional  Hydrologist,  NWSCRH 

Donald  R.  Baker,  DOC  Water  Resources  Coordinator,  Office  of  the  Assistant 
Secretary  for  Policy,  Washington,  DC 
Allen  Flanders,  Assistant  to  the  Associate  Director,  Hydrology,  NWS 
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UNITED  STATES  DEPARTMENT  OF  COMMERCE 
The  Assistant  Secretary  for  Policy 

Washington.  D  C.  20230 


December  21,  1976 


Colonel  Forrest  T.  Gay,  III,  USA 

St.  Paul  District,  Corps  of  Engineers 

Department  of  the  Army 

1135  U.S.  Post  Office  and  Custom  House 

St.  Paul,  Minnesota  55101 

Dear  Colonel  Gay: 

We  recently  received  copies  of  your  feasibility  study 
for  flood  control  and  its  associated  draft  environmental 
impact  statement  on  the  Redwood  River  at  Marshall,  Minnesota. 

The  organizational  structure  for  the  area  of  water 
resources  within  the  Department  of  Commerce  is  such  that 
direct  mailing  of  feasibility  reports  to  Washington,  D.C. 
for  field  review  can  slow  the  review  process.  Therefore, 
may  I  suggest  that  in  the  future  six  (6)  copies  of  reports 
or  studies  for  field  review  be  forwarded  to  the  Secretarial 
Representative  in  the  pertinent  Federal  region.  In  this 
instance,  we  have  sent  all  copies  of  the  feasibility  study 
to: 


Mr.  James  P.  Stirling 

Secretarial  Representative,  Region  V 

Department  of  Commerce 

CNA  Bldg.,  Room  1402 

55  East  Jackson  Blvd. 

Chicago,  Illinois  60604 

Mr.  Stirling's  office  will  circulate  the  study  to  appropriate 
field  offices  and  that  office  will  prepare  the  consolidated 
reply  to  you. 

In  addition,  please  continue  to  send  all  copies  of  the 
Draft  Environmental  Impact  Statements  for  review  and  comment 
to: 


Dr.  Sidney  Galler 
Deputy  Assistant  Secretary  for 
Environmental  Affairs 
Department  of  Commerce 
Washington,  D.C.  20230 


-2- 


I  am  confident  that  for  a  field  review,  direct  mailing 
of  the  Corps  of  Engineers  feasibility  study  to  the 
Secretarial  regional  representative  will  result  in  a  timely 
and  efficient  review  process. 

Thank  you  for  your  consideration  in  this  matter. 

Sincerely , 


Donald  R.  Baker 

Water  Resources  Coordinator 
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Colonel  Forrest  T.  Gny,  III  *  f 

District  Engineer 

U.S.  Corps  of  Engineers ,  SL.  Paul 

1133  U.S.  Post  Office  &  Custom  House 

St.  Paul,  Minnesota  53101 

RE:  76-115-19/* 

D-COE-F36047-MN 

IP'ar  Colonel  Cay: 

l.’c  have  corpleted  our  review  of  the  Draft  Environmental  Impact  State¬ 
ment  (HIS)  foi  Flood  Control  Redwood  River  at  Marshall,  Minnesota. 

Your  letter  of  December  1,  1976,  requested  our  views  and  comments  on 
the  proposed  action.  We  note  from  our  review  of  the  EIS  that  con¬ 
struction  is  being  permitted  to  take  place  within  flood  prone  areas. 

We  believe  flood  protection  measures  are  appropriate  for  previously 
developed  areas,  but  that  a  comprehensive  flood  control  program  should 
include  restriction  of  further  development  in  flood  prone  areas. 

Flood  protection  should  be  provided  only  for  those  areas  which  arc 
developed  at  the  time  of  the  filing  of  the  Draft  EIS  with  the  Council 
on  Environmental  Quality.  Furthermore,  the  Final  EIS  should  also  con¬ 
tain  additional  information  on  the  construction  impacts  and  the  impacts 
which  will  result  from  the  completion  of  the  flood  diversion  channel. 
Our  detailed  covanments  follow. 

As  part  of  the  flood  protection,  a  flood  diversion  channel  will  be  con¬ 
structed.  This  flood  diversion  channel  will  divert  one-half  of  the 
excess  of  the  present  design  discharge.  These  excess  overflows  will 
be  dischargid  into  the  Cottonwood  River  Basin.  Additional  information 
and  discussion  must  be  provided  on  the  present  water  quality  of  the 
receiving  stream.  The  effect  upon  the  water  quality  from  the  addition 
of  flood  flows  also  needs  to  be  assessed.  Based  upon  information  in 
the  EIS,  we  have  assumed  the  diversion  channel  to  be  dry  during  normal 
periods  of  the  year.  Flood  flows  can  have  a  high  velocity  and  great 
amount  of  energy.  The  potential  for  erosion  and  channel  damage  should 
be  assessed. 

Since  flood  flows  will  be  discharged  into  the  Cottonwood  River  Basin, 
an  assessment  of  flooding  potential  in  this  basin  should  be  provided. 
The  two  watersheds  arc  essentially  next  to  each  other  and  the  same 
meteorological  eonditons  would  be  expected  over  each  basin.  Therefore, 
if  flood  flows  were  occurring  in  the  Redwood  River  Basin,  one  would 
expect  flood  flows  in  the  Cottonwood  Kivcr  Basin.  The  circumstances 
which  would  change  the  effects  of  flooding  in  the  Cottonwood  Basin 
arc  the  proximity  to  communities,  areas  subject  to  flood  damages  and 
crop  and  land  damages  and  channel  depth  and  width.  The  Final  EIS 
should  thoroughly  discuss  how  the  diversion  of  flood  flows  from  the 
Redwood  River  Basin  will  affect  the  Cottonwood  Basin. 


mmmm  is  ■ 


The  proposed  channel  work  iny  affect  the  ability  of  stream  dis¬ 
charges  to  meet  w.-iter  quality  standards.  In  format i on  on  the  dis¬ 
charge  points  and  changes  in  the  stream's  assimilative  capacity 
which  may  occur  as  a  result  of  construction  should  be  provided. 

This  information  will  indicate  whether  or  not  the  discharger  will 
still  be  capable  of  meeting  water  quality  standards. 

The  FIS  stated  the  flood  control  project  is  necessary  to  protect  new 
development  in  hazard  areas.  It  is  our  opinion  that  flood  protection 
and  flood  control  projects  should  provide  protection  only  to  areas 
which  arc  presently  developed,  and  not  encourage  development  in  flood 
hazard  areas.  To  minimize  flood  damages  and  project  cost,  protection 
should  be  provided  where  development  has  occurred  prior  to  the  filing 
of  the  E1S  with  the  Council  on  Environmental  Quality.  As  a  minimum, 
we  recommend  building  restrictions  on  previously  undeveloped 
flood  plain  areas  to  assure  adequate  flood  protection  to  the  community. 

The  E1S  has  indicated  the  reoccurence  interval  for  this  project  has 
been  reduced  from  114  years  to  59  years.  The  Final  EIS  should  discuss 
whether  or  not  this  reoccurence  interval  will  be  further  reduced. 

In  the  EIS,  water  quality  studies  have  indicated  any  pooling  of  the 
Redwood  giver  could  promote  algal  growth  during  periods  of  suitable 
light  and  temperature  conditions.  Part  of  the  flood  control  plan 
calls  for  a  ponding  area  to  be  constructed.  The  potential  for  algal 
blooms  and  insect  propagation  at  this  ponding  area  should  be  assessed. 

There  are  two  beaver  dams  within  the  watershed.  One  beaver  dam  will 
be  removed  during  construction.  The  EIS  should  indicate  whether  or  not 
the  beaver  dan  is  causing  increased  flood  conditions  at  Redwood.  Thia 
lost  of  the  beaver  dam  should  be  avoided,  if  possible. 

Additional  information  in  regard  to  the  disposal  of  levee  excavation 
material  should  be  provided. 

We  have  rated  the  project  as  ER  (environmental  reservations)  and 
classified  the  EIS  as  Category  2  (additional  information  necessary). 

The  date  and  classif ication  of  our  comments  will  be  published  in  the 
Federal  register  in  accordance  with  our  responsibility  to  inform  the 
public  of  our  views  on  other  agencies'  projects. 


STATE  OF  MINNESOTA 


January  20,  1977 


Colonel  Forrest  T.  Gay,  District  Engineer 

Department  of  the  Army 

St.  Paul  District,  Corps  of  Engineers 

1135  U.  S.  Post  Office  and  Custom  Office 

St.  Paul,  Minnesota  55101  RE:  NCSED-PB 

Dear  Colonel  Gay: 

We  have  reviewed  the  Draft  Environmental  Impact  Statement  and  Feasibility 
Report  for  Flood  Control  on  the  Redwood  River  at  Marshall,  Minnesota. 

The  plan  proposes  the  conversion  of  15.8  acres  of  agricultural  land  for 
the  flood  control  project  plus  178  acres  for  project- Induced  residential 
development.  The  report  states,  "This  cropland  loss  Is  Insignificant  In 
itself,  hut  a  part  of  cumulative  losses  of  agricultural  land  throughout 
the  United  States."  This  Department  Is  very  concerned  about  the  loss  of 
agricultural  land  In  Minnesota.  We  feel  that  any  loss  of  the  magnitude 
proposed  for  this  project  Is  significant,  and  we  do  not  appreciate  such 
proposals.  However,  we  realize  the  necessity  for  flood  control  projects 
which,  hopefully,  will  minimize  adverse  conditions  to  the  surrounding 
environmental,  agricultural  production  and  human  life.  We  generally 
support  such  proposals. 

It  appears  at  this  time  that  any  agriculturally  related  topics  have  been 
sufficiently  addressed  by  the  Draft  Environmental  Impact  Statement  and 
Feaslbi I Ity  Report. 

Thank  you  tor  the  opportunity  to  comment  on  the  proposed  plans  for  Flood 
Control  on  the  Redwood  River. 


Sincerely, 


Assistant  Commissioner 
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Statk  ok  Minnesota 


STATE  PLANNING  AGENCY 
100  CAPITOL  fi<,il'AI<l-  hUILDING 
S50  CEDAR  STREET 
ST.  PAUL,  55101 


February  9,  1977 


Colonel  Forrest  T.  Gay,  III 

District  Engineer 

Department  of  the  Army 

St.  Paul  District,  Corps  of  Engineers 

1135  U.S.  Post  Office  and  Custom  House 

St.  Paul,  Minnesota  55101 

RE:  Draft  Feasibility  Report  for  Flood  Control  Redwood 
River  at  Marshall  Minnesota 

Dear  Colonel: 

The  Environmental  Division  of  the  State  Planning  Agency  (SPA)  has 
reviewed  the  Draft  Feasibility  Report  for  Flood  Control.  In 
general  the  document  cites  the  potential  impacts  of  the  proposed 
measures.  However,  we  do  have  the  following  comments  and 
questions  on  the  extent  and  manner  to  which  some  issues  were 
addressed. 

I .  Land 

A)  Will  the  proposed  flood  control  measures  have  any  adverse 
effects  in  the  Cottonwood  River  Basin  or  in  the  flood- 
plain  downstream  of  the  project's  study  limits? 

1_.  In  order  to  maintain  "natural"  hydrologic  conditions, 

50%  of  the  overflows  in  the  vicinity  of  the  Highway  23 
roadside  park  will  be  diverted  into  the  Cottonwood 
River  Basin  (page  22,  paragraph  1).  Arc  conditions  still 
"natural  or  pre-development"?  If  they  arc  not,  can  an 
equivalent  percentage  of  overflow  be  diverted  to  the 
adjacent  basin  without  damage  to  land  or  property  in 
this  area? 

2.  Areas  downstream  of  the  study  limits  were  not  evaluated 
•ince  they  would  not  benefit  from  the  project  (F-2, 
paragraph  4) .  Might  these  areas  be  adversely  affected? 

Is  so,  how  and  to  what  extent?  If  there  are  potential  adverse 
effects  downstream,  shouldn't  this  be  included  in  the  B/C 
analysis  as  an  additional  cost? 
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B)  Newly  protected  floodplains  will  attract  development.  Will  this 
expansion  plus  the  proposed  flood  control  facilities  necessitate 
future  flood  control  measures?  Will  future  zoning  restrict 
development  in  the  adjacent  unprotected  floodplain? 

C)  The  Feasibility  Report  states  the  acreage  that  will  become  available 
for  development  due  to  the  projected  flood  protection.  Varying 
figures  for  the  land  types  opening  up  for  residential  development 
are  listed.  (E-13,  F-20)  Please  consolidate  and  clarify  this 
information  as  to  the  acreage  of  land  types  becoming  available 

for  development.  Also,  is  the  64  acres  suggested  for  future  nature 
area  acquisition  included  in  any  of  the  acreages  of  land  soon 
available  for  development? 

II.  Economic 

A)  Please  check  Table  1,  Comparison  of  Alternatives  Considered 
Feasibility  Report.  It  appears  (x  $1000)  was  inadvertantly 
omitted  following  the  Economic  Planning  Objective  Parameters 
of  Flood  Damage  Reduction  and  Average  Annual  Benefits. 

B)  We  question  the  inclusion  of  location  benefits  (F-20)  in  the 
economic  analysis.  Since  a  benefit  is  attributed  to  the 
Increased  value  of  newly  protected  floodplain  land,  shouldn't 
the  possible  costs  to  downstream  areas  also  be  included  as 
pointed  out  in  I.A(2)  of  these  comments? 

III.  Construction 


Whai  specifically  is  planned  for  each  of  the  two  years  of  construction? 
How  will  the  timing  of  the  various  stages  of  project  construction  be 
implemented  to  minimize  pollution  (erosion,  dust,  etc.)? 

Basically,  the  report  is  quite  complete.  Our  major  concerns  are  the 
possibility,  of  adverse  effects  in  the  Cottonwood  River  Basin  and  in 
downstream  areas  beyond  the  study  limits,  the  possible  need  for  expanding 
flood  control  measures  in  the  future,  and  the  timing  of  construction. 

We  would  like  to  stress  that  our  agency  supports  more  non-structural  flood 
control  alternatives,  i.e.,  zoning  to  restrict  residential  development  in 
floodplains  that  structural  alternatives  which  encourage  floodplain  develop¬ 
ment. 


If  you  have  any  questions  on  our  comments  and  questions,  please  feel  free  to 
contact  Carol  Booth  or  Charles  Kenow  of  my  staff  at  296-8254. 


Sincerely, 


Joseph  Sizer,  Director 
Environmental  Planning  Division 


JS/dh 
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Minnesota  Pollution  Control  Agancy 

HAY  3  1  1977 


Colonel  Forrest  T.  Cay,  III 
District  Engineer 
U.S.  Army  Corps  of  Engineers 
1135  U.S.  Post  Office  &  Custom 
House 

St.  Paul,  Minnesota  55101 
Dear  Colonel  Gay: 

The  Minnesota  Pollution  Control  Agency  (MPCA)  has  completed  the 
review  of  the  feasibility  report  and  Draft  Environmental  Impact 
Statement  (EIS)  for  flood  control  on  the  Redwood  River  at  Marshall, 
Minnesota.  The  following  comments  are  offered  for  your  consider¬ 
ation. 

1.  In  the  table  of  State  Water  Quality  Standards,  on  page  t- 1  S 
13,  the  applicable  classifications  of  the  Redwood  River 
should  include  3C,4A  &  B,  5  &  6. 

2.  It  Is  our  understanding  that  the  proposed  project  is 
the  third  attempt  for  flood  control  measures  on  the 
Redwood  River  at  Marshall.  Previous  attempts  by  the 
City  and  Corps  of  Engineers  have  been  unsuccessful 
in  relieving  the  flood  problems.  Several  questions 
remain  unanswered  concerning  the  increase  in  flood 
potential.  The  MPCA  requests  that  attention  be 
given  to  the  following  concerns: 

a.  What  have  been  the  impacts  of  such  activities  as 
drainage  of  wetlands,  agricultural  arc!  municipal 
development,  and  previous  flood  control  measures 
on  the  flood  stage? 

b.  Why  have  flood  estimates  been  increased  so  sub¬ 
stantially  from  previous  estimates?  Is  this 
due  to  the  short  period  of  record  and,  if  so, 
should  the  floods  in  recent  years  be  considered 
aberrant? 

c.  If  drained  wetlands  wefe  restored  and  farming 
practices  modified,  would  upstream  reservoirs 
be  an  alternative  to  channelization? 
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3.  Due  to  the  complex  natural  .flow  upstream  and  downstream 
of  the  project,  attention  should  he  given  to  the  impact 
on  flood  stages  downstream  in  the  Redwood  and  Cottonwood 
Rivers.  Previous  failures  to  control  floods  would  indicate 
that  basin  floods  are  not  properly  understood.  The  draft 
feasibility  report  should  include  a  conplete  discussion 

on  downstream  flood  impacts  before  an  assessment  of  the 
benefits  and  the  costs  can  be  properly  made. 

4.  Kill  further  protection  he  needed  for  the  wastewater 
stabilization  ponds  and  other  wastewater  treatment  sys¬ 
tems? 

5.  Can  the  diversion  channel  which  was  constructed  in  1963  be 
expanded  to  carrv  flood  waters  ?  Would  this  alternative 
result  in  less  aguatic  biological,  terrestrial ,  wildlife, 
aesthetic  and  water  quality  impacts? 

We  believe  that  these  studies  do  not  adeauately  address  the  upstream 
and  downstream  impacts  and  increased  water  pollution  from  secondary 
effects.  At  this  time,  the  MPCA  does  not  believe  the  proposed  proj¬ 
ect  adequately  addresses  alternatives  such  as  upstream  reservoirs 
and  expansion  of  the  1963  flood  control  measures.  Finally,  we  be¬ 
lieve  that  further  evaluation  of  the  predicted  flood  levels  is  neces¬ 
sary  to  determine  the  need  for  and/or  the  ultimate  scope  of  the  project. 

The  MPCA  appreciates  the  opportunity  to  comment  on  the  draft  feasibil¬ 
ity  report  and  Draft  EIS  for  flood  control  on  the  Redwood  River. 

If  you  have  any  questions,  please  contact  Louis  Flynn,  Permits  Section 
at  296-7225. 

Yours  truly. 


Qc/iSjJsifa* r 

Sandra  S. /CardebriiW 
Executivef Director  v, 
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Colonel  Forrest  T.  Gay  III 

District  engineer 

U.S.  Corps  of  engineers 

1135  U.S.  Post  Office  fj  Custom  House 

St.  Paul,  Minnesota  55101 


Dear  Colonel  Gay: 

Staff  from  the  Department  of  Natural  Resources  has  reviewed  the  project 
documents  for  flood  control  on  the  Redwood  River  at  Marshall,  Minnesota 
and  the  following  comments  arc  offered: 

DRAFT  ENVIRONMENTAL  IMPACT  STATEMENT: 

Section  2.02T  identifies  the  first  inhabitants  as  being  the  Dakota 
(Sioux)  Indians  whereas  Section  2.026  discusses  pre-historic  cul¬ 
tural  materials  being  found  in  the  area.  Perhaps  Section  2.024 
should  be  revised  to  identify  the  Sioux  as  the  first  inhabitants 
in  historic  times. 

DRAFT  FEASIBILITY  F.EP0RT  TOR  FLOOD  CONTROL: 

Page  II,  paragraph  2,  sentence  3.  This  statement  is  inaccurate 
in  that  the  adjacent  flood  plain  reaches... in  unincorporated  reaches 
...are  subject  to  Lyon  County  Flood  Plain  regulation  rather  than  state 
regulation. 

Page  18,  paragraph  2,  sentence  3.  This  statement  downplays  the  long¬ 
term  results  of  flood  plain  zoning  regulations.  While  it  is  true 
that  flood  plain  zoning  will  not  significantly  reduce  flood  damage 
in  the  short-term,  the  long-term  result  will  be  to  reduce  non-conform¬ 
ing  flood  plain  uses  which  will  reduce  flood  damages.  We  would  request 
that  you  he  more  generous  to  the  concept  of  flood  plain  management  in 
your  next  draft. 

Page  36,  Level  of  Protection  Section.  According  to  this  discussion, 
standard  project  protection  will  not  be  provided  by  all  tho  levees 
proposed  in  this  project.  The  exact  impact  of  these  levees  being 
overtopped  has  been  given  only  cursory  review.  Questions  which  should 
be  addressed  in  the  final  document  include:  if  lovees  are  overtopped, 
what  are  tho  depths  of  flooding;  what  are  the  probable  dollar  damages; 
and  what  provisions  are  being  made  to  provide  for  internal  drainagoT 
How  is  the  project  design  being  reconciled  with  the  fact  that  Minnesota 
Flood  Plain  regulations  NR  89(c) (2) (aa)  require  that  levees  built  for 
urban  protection  shall  have  a  minimum  height  of  at  least  three  foot 
above  the  elevation  of  the  regional  flood  or  at  the  elevation  of  the 
Standard  Project  Mood,  whichever  provides  tho  groat  or  protection  from 
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Page  F-7,  Table  F-l  and  Section  F-15.  This  section  and  table  imply 
that  public  buildings  would  continue  to  be  constructed  in  a  non¬ 
conforming  manner  even  though  flood  plain  regulations  would  be  in 
affect.  Public  buildings  would  have  to  conform  to  any  applicable 
local  ordinances.  The  average  annual  equivalent  value  of  this 
future  growth  ($5S00)  would,  therefore,  not  apply. 

Page  F-20,  Location  Benefits.  We  would  strongly  recommend  that 
location  benefits,  as  used  in  the  benefit/cost  analysis  outlined 
on  page  F-20,  be  re-evaluated.  There  is  no  shortage  of  buildable 
land  around  the  City  of  Marshall  so  there  should  be  no  real  net 
gain  in  land  value.  The  increase  of  $1900  per  acre  is  a  one-time 
windfall  gain  for  certain  landowners  and  would  come  at  the  expense 
of  other  lands  that  are  suitable  for  development  without  construc¬ 
tion  of  the  flood  control  project. 

SOME  GENERAL  COMMENTS 

We  would  like  to  reiterate  our  concern  about  the  problem  of  cross¬ 
over  flooding.  While  the  proposed  project  is  designed  to  reduce 
flood  damages  in  Marshall,  the  problem  of  cross-over  flooding  is  of 
regional  concern  and  should  be  analyzed  as  such. 

We  are  also  concerned  about  the  general  aesthetic  impact  that  flood 
control  levees  have.  We  would  hope  that  efforts  would  be  expended, 
particularly  in  future  projects,  but  to  whatever  extent  is  possible 
for  the  Marshall  project,  to  mitigate  aesthetic  concerns  into  project 
design. 

MITIGATION  MEASURES 

We  offer  the  following  as  acceptable  alternatives  for  mitigation  of 
the  4.1  acres  of  forested  habitat  that  will  be  lost: 

1.  Acquisition  of  additional  land  adjacent  to  the  Redwood  Wildlife 
Management  Area  in  Section  28  of  Lynn  Township,  T.111N.,  P..42W., 

This  could  either  be  more  river  bottom,  woods  or  else  cropland 
for  a  food  plot  or  nesting  cover. 

2.  Acquisition  of  additional  land  adjacent  to  the  Russell  Wildlife 
Management  Area  in  Lyons  Township. 

3.  Restoration  and  future  protection  against  the  filling  of  the 
Type  IV  wetland  located  in  the  Eastern  H  of  the  Southwestern  k 
of  Section  32,  T. 112N. ,  R.41W.,  in  Fairview  Township. 

In  conclusion,  the  State  of  Minnesota  supports  the  general  concept  of  the 
proposed  project,  that  is  flood  damage  reduction  on  the  Redwood  River  in 
Marshall,  Minnesota.  You  can  bo  assured  of  our  continued  interest  and  support 
for  tho  goal  of  flood  damage  reduction. 

Sincerely, 

Gerald  l).  Sc  inwill,  Director 
Division  of  Waters 
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MINNESOTA  DEPARTMENT  OF  TRANSPORTATION 

TENTH  a  PACIFIC,  BOX  75B 
WILLMAR,  MINNESOTA  S620I 

PHONE,  1612)  236  4554 


September  29,  1978 


Department  of  the  Army 
St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  6  Custom  House 
St.  Paul,  Minnesota  S5101 

Attn:  Forrest  T.  Gay,  III 

RE:  Flood  Control  -  Marshall,  Minnesota 

Dear  Mr.  Gay:  ^  /f 

In  "orponso  to  your  lettor  of  August  29,  1978,  which  is  addressed  to 
V:.  F.  C.  Marshall,  we  have  reviewed  tho  effect  of  raising  the  T.H.  23 
to  act  as  a  dike  (along  with  County  Road  No.  7)  upstream  from 
t!  a  City  of  Marshall.  This  relates  to  your  modification  4  of  Plan  5U 
c.»  Plato  D-l  "ccr.sidcred  alternatives  upstream  reach". 

Cm-’ deration  of  raising  only  the  westbound  Trunk  Highway  23  roadway 
to  v  raximum  3  feet  above  the  eastbound  roadway  causes  a  problem  at 
tho  highway  junction  with  C.S.A.H.  7.  Your  Plate  D-l  does  not  indicate 
tho  loft-tum  lanes,  nor  the  T.H.  7  junction  as  they  exist  today.  In 
any  ense,  a  3  foot  elevation  difference  between  roadways  at  this  location 
is  not  acceptable;  and,  at  this  location,  the  eastbound  roadway  would 
;'.l so  hive  to  be  raised  at  least  2  feet.  Five  accidents  (one  fatal)  have 
boon  investigated  at  this  junction  in  the  past  year. 

The  entire  junction  of  C.S.A.H.  7  and  T.H.  23  would  have  to  be  modified 
in  elovntion  to  provide  suitable  access.  Additionally,  our  construc¬ 
tion  plans  for  T.H.  23  show  that  a  24  inch  diameter  concrete  culvert  is 
constructed  through  C.S.A.H.  7  to  the  north  of  T.H.  23  which  drains  the 
north  roadway  ditch  and  the  proposed  Redwood  River  Basin. 
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Ko  would  re  cor. 'end  that  consideration  to  given  to  c  -...tructing  a  dike 
adjrcrr.t  to  T.li.  2d  : ,  ,:.t-of-i.;iy  to  the  desired  <. i.  -ion.  This  dike 
could  be  swung  northerly  and  tied  in  with  the  m  r  C.  S.A.H.  7,  sone 
distance  north  oi  its  junction  vith  a  city  street,  :  ut  500'  north 
of  1 .11.  23.  Such  dike  construction  need  not  disrupt  trunk  highway 
traffic  and  might  pcrsibl/  bo  considered  less  exp;  .  :.vo  than  re¬ 
constructing  T.ll.  23.  One  field  entrance  access,  so. so  1300'  west  of 
C.S.A.H.  7  would  possibly  require  a  sand  bag  plug  at  times  of  high  water. 

Please  give  maximum  consideration  to  reducing  the  effects  of  this 
project  to  our  wayside  rest  arct. 

Thank  you  for  the  opportunity  to  comment  upon  the  pi  posed  alternative 
SU,  modification  4. 

Sincerely, 


K.  A.  Vidole,  P.E. 
nistrict  Director 


Copies:  P.  C.  Marsnall 
W.  C.  Merritt 
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Thank  you  for  your  coat ) nu i np  suppot t  for  preservin'',  Minnesota's 
cultural  titsoiii rt s . 
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State  Historic  Pi eucrvat i on  Officer 

RWF/fr 

cc :  Philip  S.ilkiu;  U.S.  Army  Corps  of  Imtineers:  1139  U.S.  Post  Office 
and  Oust  on  House;  St.  Paul,  53)01 
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Scpt.-i  l.  r  7,  1773 


Marthall.  Minnesota  tens 


f  ores*'  T.  G  c ,  1  '  ■ 

Colonel,  Corps  f  Hr.  •; :  r.c-or.; 

District  I.ng  i  in-  .  : 

1135  U . r; .  Post  ■;  f,  Custom  House 

St.  Paul,  ill  53101 
Attest  L  i  on  :  iiCSC  D  -  PB 

Dear  Mr.  Gay: 

In  response  to  your  1  tor  of  /•■>:•. •us  1  1078,  regarding 

plan  5’.’  ’'.3)0.4  with  the  od  h.ivei  in  *'  1),  104 ,  the 

following  is  an  un  enter  to  »hc  questions  you  c.sod. 

CSA;!  7  is  currently  not  up  to  stand  ..>•  .or  the  volume  of 
traffic  it  is  projected  to  carry.  Any  rr.  cent  along  th:  s 
road  \.’ou1d  have  to  be  c~r.  ■••.cr.t  i  •  1  h.  :  design  stan¬ 

dards  .  Thus,  an  8  foot  fill  section  is  ru  *  •  -.»•/  a  volume  of 
fill  in  the  road  area,  ’u:..  also  in  1  ...  ■  area  and  slope 

to  meet  the  existing  at.  -  .  (Be*-  the  3 «  •.<•  .  -.heat  for  a 

typical  section  involvi  .-.:•  .  .10  5  fool  .  >  ’  .  '  .  e  levee  could 

be  cor.';,  meted  to  serve  as  flood  j  >ro ;  •:  e e  i  •  ,  ind  serve  the 

hi  ghw;  y  peer  s  as  we  3  1  . 

Tr«  flic  safet*'  vruld  bo  si  ight 1\  »:•  .1  v.’i  t  h  a  raise  in 

the;  road  --rofile,  but  r.c-t  soir.r  th  i  ng  '.In!  hi  ho  orohibi  tive. 

Anytime  the  road  deviat  f  ro. .  the  or.  f.„  c.  the  ditch,  the 
possihi  i.ity  of  a  serious  accident  i  r  gr ...  t  •  *-.  However,  when  a 
wide  riuulchr  and  flat.  ir.sJ.Oje  is  p’ovioe  ',  the  "unsafe  condi¬ 
tion"  is  greatly  reduced. 

There  iy  be  problem  reterdim  nc to  and  from  adja¬ 
cent  prevent i os ,  but  this  is  not  a  direct  concern  of  the  County 
Highway  f)e.  irtnont.  One  area  of:  minor  concern  is  CSAH  7  south 
of  T.H.  2  3.  With  the  grade  of  T.H.  23  rai.nd,  CSMI  7  will  have 
to  mate)  . 


Another  minor  concern  would  be  the  esthetics  of  having  an 
elevated  ro.ai  abutting  a  residential  area.  1  am  sure  the  City 
of  Marshall  nd  concerned  residents  woulc.  object  in  regards  to 
this  problem. 

The  major  objection  that  the  I. von  County  Highway  Depart¬ 
ment  would  have  against  this  project  is  the  cost  factor.  With 
the  amount  of  fill  -coni rod,  it  \.\n;l «’  u;t  a  drain  on  our  funding 
ronre  •,  •••■  '  .  • i  >.v  !  ’)  :  •  l  .  o  bu :  1 J .  Due  to  i  h.  •  .  act 

that  lnilalio..  ......  •  tu  prices  arc  spiraling  upward,  and  the 

funds  are  not  keeping  up,  I  cannot  justify  spending  County  money 
for  a  project  such  as  this,  when  so  many  other  roads  arc  in  need 
of  repair. 

An  l  ou.il  Om-  ii lenity  employer 
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September  7,  ]'j78 


st  T.  lit 


liven  >  '  IN'  o-r;  **  •  •  to  •  r;sist  in  the  financing,  it  would 
■  -•  to  imn"C  -  "  >rv  a.c.iiit  of  .ill  to  place  -  hence,  tax 

ii'>i  ’  .  .{,«•«:.  A:  o1.:  -  r  .1  tern  .stive  f  t  could  be  considered 

5  u ' . 1  pr  m "on  .-Vetch  i  s  the  possibility  of 

.  i  ...•«'!•■;  l<  ■  f  ■■‘it  of  C5J7.il  7  i 'iv;  and  north  of  T.ii.  23 

!  ..  •  .--j  to:  :  /  .  "  te  loss  cc 1 1  >/  in  that  roadway 

;  •  1  .:••••  *  •  1  -  •  1  iC/d,  and  the  fill  would  be  smaller 

in  vo  In  v.  K  v' -r ,  t  n  .  plan  would  reduce  the  volume  of  the 
j  •_  .  '  y  i  si  i  .  i  .oui.t. 


In  sui  c-.uj-y ,  the  position  of  the  Lyon  County  Highway  Depart- 

1'  >  •  •  could  be  built  to  act  as  a  flood  reservoir 

......  rv  »  the  transportation  needs . 

2)  Traffic  uifc-t'’  problems  would  be  worsened,  but  only 
to  a  sir.,  hi  decree. 

3)  Acco-k  would  to  a  minor  problem,  but  more  so  to  the 
City,  net  t.N  County. 

4)  There  nay  be  no  aesthetic  oroblen  with  the  local  ncoole . 

5)  There  is  a  may  o'*  problem  wit.i  financing  on  the  County 
level . 

6)  A  mere  logical  end  cheaper  r>’.ui:on  has  not  been 
offered  for  considerat j on . 


If  you  wish  any  further  comments,  pie:., 
tact  me. 


j  feel  free  to  con- 


Yours  truly, 

T.ober  t 
RJMjhj 


j  I:-,*'  tL. 

J.  HcPartlin 


Enel . 
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Office  of 


Mr.  Forrest  T.  Gay,  III,  Colonel 
District  Engineer 
Corps  of  Engineers 

1135  U.S.  Post  Office  &  Custom  House 
St.  Paul,  Mn.  55101 


RE:  NCSED-ER 
Dear  Mr.  Cay: 

I  am  writing  in  response  to  your  letter  of  Decenfcer  1,  1976  regarding  an 
environmental  impact  statement  being  prepared  for  a  flood  control  project 
on  the  Redwood  River  at  Marshall,  Minnesota. 

After  review,  the  proposed  project,  as  presented,  appears  to  be  totally 
consistant  with  and  complimentary  to  all  existing  and  currently  proposed 
local  land  use  plans,  policies,  regulations ,  and  objectives.  The  same 
holds  true  for  the  various  plans  and  policies  for  flood  control,  traffic 
thoroughfare,  parks,  and  zoning. 


While  the  City  of  Marshall  does  not  now  have  a  Comprehensive  Master  Plan 
for  the  City,  it  is  possible  that  one  will  be  developed  within  the  next 
couple  of  years.  However,  it  would  not  appear  at  this  time  that  a 
Comprehensive  Master  Plan  would  result  in  any  potential  conflict  with 
the  proposed  flood  control  project. 

1  trust  this  provides  the  necessary  information  requested.  Tf  the  City 
of  Marshall  can  provide  any  additional  assistance  in  the  development  of 
this  project,  we  will  of  course  do  so. 


Sincerely  yours,  . 

UwA  \  VIL 

Jmgi  R.  Heller 
City  Administrator 
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Of  f ICE  OF  CITY  ErlC-INtER 


April  11,  1978 


Mr.  J.  R.  Cal  ton 

Chic'',  Planning  branch 

Engine c-ring  Division 

Departmeat  of  the  Army 

St.  1’aul  District  Corps  of  E  'giiu  ers 

1139  C.S.  Dost  Office  6  Custof!  house 

St.  Paul,  MN  55101 


Re ; 


NCS  !'.l/-l’!i 


Dear  Mr.  Cal  ton: 


Mr.  Stanley  K  tmtaer  of  your  of: ice  rc.ntly  fitroi-  ■  !  an  with  a  revised 
draft  feasibility  report  for  loo.!  control  rn  •  :  .»>1  River  here 

in  tiie  City  of  Marshal  1 .  I  ;:ve  :vvit  ,ed  t  b  ..  •"  flit’,  report  and 

would  of  for  mv  comin-nts  to  nm  for  your  consider.!;!  i. 


It  is  tty  opinion  that  the  project  as  designed  for 
protection  v  >n  1  d  very  ade.;n  tfely  previde  l:’0  yr.  • 
Marshall  and  n.ljnoont  area.  Protect  Ion  to  tic  S 
level  would  appear  to  be  bavond  the  >\  qui  r.  ’ 't  ■ 
feaiihi’e  fl.  I  projection  level.  T*iis  *:,.!■  a  It  t. 
ed  the  raisin  of  County  Highway  No.  7  and  State  i 
barriers,  additional  levee  height,  railroad  ember.!, 
additional  st  nu  iurcs  work,  etc.  in  mv  opinion  wot: 
and  qui  S'  ion.ih  '  o  needed  level  of  protection. 


a  133  vear  degree  of 
•'on  to  the  City  of 
rd  Project  Flood 
.  realist icly 
i\v  plan  wliich  inclnd- 
i  ctiway  No.  23  as  flood 
nt  protection, 

■  I  be  an  extremely  costly 


Consequon t 1 v ,  we  basical 1 v  agree  with  the  feasibility  report  and  plans 
as  select'  d  for  the  133  year  flood  recurrence  frequency  protection  level 

However,  llnte  .ire  several  minor  areas  of  the  plan  that  we  would  request 
further  conn  id  'ration  be  given  to  at  the  tine  of  tin*  detailed  plans 
preparation.  These  items  would  not  materially  at  feet  the  feasibility 
report  as  written  but  are  items  that  we  feel  should  have  some  attention 
at  *.<’•.•  I  -  f  i  *  r  .  *  i : .  >  u  the  plans  pro,,-  1  >.  i ! ,,  ■  .'  t  >i1  pi ’tuning  stage. 
One  tin  pii  ■  .in  i  lie1  !  o  1  o<  •  m.  eeii  County  State  Aid 

Highway  No.  7  amt  the  wayside  park,  area  in  Lite  upstream  protection  area. 


t 


* 

I 

0 


*'  r .  .1 .  K .  ''.till  "i 

I  11,  1 ')  i  K 

i ' . . , ;  i  1  o 


n 


In  ■  •  H  1  uni  ! »  ' .  : i  th«  j  i  opus.-d  1  r.vi;  and  the  hurl  ington- 

N  *t  t  .  t  1 1  r  • »  )•'  'ill  '  ■  '  a!  1  ;n.n  i  fed  r>m  -pose  unde vo 1 opab  1  c  due  to 
t!i  '■ a  r  :  :  .  ;  i .  n  t  '..it  •  •»•  1 rl.ii.it  i-n  this  area.  Therefore,  it  may 
'a  t  v  •  •’ante  ■•■ii  in.!  •  -re  pr  ..<  t  i  I  in  purchase  those  lands  in  fee 

:  i  :  i .  i.  ‘  >•  i'l  i  t  !’•»  ,  ■  r  <  i  <.  i  t  ("iii-r  than  on  1  v  obtain  easements 

on  a  ;i  -r  !  n  t  *  ■  •  .  e  l.nd  .  o>  support  this  statement,  the  report  also 
stall  l  a.  to  fsi-  pr.  pertv  will  he  permanently  af  footed.  If 

tail,  lii'i.  .  a  t  u  t,  then  the  lands  cost  of  the  project  budget  would 
have  t  '  :  iucri  o  id  cons i do  rah Iv .  It  should  also  be  noted  that  these 

1  t  ,d  .  i  .  ;  ■!  t‘c  •  '  o  used  for  recreational  purposes  in  the  form  of  quiet 

areas,  l  i  .  iis  and  so  on  as  was  discussed  in  the  report.  Tire  report 

r i  f i  :  :  :  i.  I  area-,  as  being  a  part  of  the  advantage  of  the  plan. 

It  ■  . •  i  .  .  oat. op  oas  t  >  make  a  iiiiiro  conplete  analysis  of  the 

lo. a’  ii'  Is  1 . v » • .  ■  in  the  area  of  Mile  71  to  determine  whether  or  not 
flu  I  ..  she  .p  f  ,  ....  t*. channel  in  a  more  close  and  parallel  manner. 

At  1 1  t  locution  l  -  re  is  pr« sent ly  a  cons i de rub  If  area  of  land  above 
f  I-O. •  ;■ !  .  :-i  l,  ••  '.  V  i%  Inn.!  renders  it'  -If  to  being  very  desirable 
dovi  lop  i'-’c  property  and  a  'ovee  would  cut  off  this  land  and  would  potent- 
i  it  I  ’  v  re  t  riot  dev  •  lepra  —it  in  the  are... 


lr.  ttu  area  of  Mill  b6  further  review  .-in  I  i  also  he  given  to  the  location 
of  tii  liVu  vi  th  the  possi’  ility  of  •'■.)  1  •  in:;  the  channel  more  closely 

t  hail  as  propos.  d. 

A.n.nther  area  that  I  would  tequest  a  further  rev  i  i  w  >f  would  ho  t 'to  pond¬ 
ing  at  .  a  lo.  atid  on  the  down-- 1  roam  improve ■lent  b  f  on  Highway  7  3  tad 
(  •  v  do  a..  N  .  7.  Tills  p-oi  liny  area  is  a  sizeable  area  that  would  lit* 

nr-  n  clop  ,!  lo  and  could  present  some  continual  main  t  ea  ance  p  rob  lusts 
p.i’  al.mlv  a.  it  relate.1  to  the  relatively  in  f  req  t.cit  t  periods  of  tine 
that  !  lie  pond  will  actually  be  utilized.  During,  the  detail  plan  prepara¬ 
tion  I  would  reqiust  that  we  further  review  this  and  look  at  other  al tor- 
natives  ...  veil  a*  design  alternatives. 

We  uppre. iate  your  attention  to  this  project  and  I  can  advise  you  that 
tin  City  of  Mir-. hall  is  very  concerned  over  flood  problems  and  responsive 
to  flood  i.  ,  :  ■  •■'»,. nts.  As  a  result  of  the  1969  flood  it  was  realized 
that  there  are  s.me  deficiencies.  However,  it  should  also  be  noted  that 
we  realize  now  that  we  are  quite  vulnerable  to  flooding  conditions  and 
therefore  hope  that  this  project  can  be  expedited  as  quickly  as  possible 
to  provide  the  protection  as  outlined  in  the  feasibility  report. 


Thank  you  for  your  opportunity  to  review  this  feasibility  report  and 
comment  on  It. 


DDA:  l.M 


Sincerely, 


- 

Duane  D.  Aden 
City  Engineer 


t'.r.  Torre'. t  T.  Gay,  111 

Colore  1  ,  r ( i r ;  •>  of  F noi neors 

District  Engineer 

Fvpart.c  •"•nt  of  the  Ar  v 

St.  Paul  District  Cores  of  Engineers 

1 1 36  r.S.  Post  Office  Custom  House 

St.  Paul,  V:  56101 

Ref:  HCSED-PB 

Dear  Colonel  Gay: 

Mr.  Robert  Northruo  of  your  office  recently  contacted  Mr.  Duane 
Aden,  our  City  Engineer,  pertaining  to  th>*  degree  of  protection 
for  proposed  Flood  Improvement  Project  for  the  City  of  Marshall, 
Minnesota . 

Wo  discussed  this  matter  at  the  City  Council  Meeting  on  February 
?0,  1970  ard  it  is  the  determination  of  the  City  staff  and  City 
Council  that  the  originally  proposed  133  year  Flood  frequency 
would  still  be  a  most  acceptable  level  of  protection.  This  is  in 
accordance  with  the  draft  feasibility  report  as  prepared  by  your 
office.  We  did  evaluate  the  150  year  Flood  frequency  protection 
level  and  it  is  our  opinion  that  the  additional  work  and  cost  in¬ 
volved  do  not  warrant  the  relatively  small  degree  of  additional 
protection. 

We  would  request  that  you  proceed  accordingly  and  expedite  our 
project  oS  quickly  as  possible.  If  you  should  any  further  comments 
or  questions  pertaining  to  this  decision,  you  may  contact  Mr. 

Duane  D.  Aden,  the  City  Engineer. 

Sincerely, 


Robert  J.  Schlagel 
Mayor  of  Marshall,  MN. 


RJS: jb 


/ 


cm*  HAIL  Mill  DING 
344  V/fM  MAfN 
Hi. one  607 -532-261 7 


OFFICr  OF  CITY  tNOINFf- 
April  If1.,  1 570 


Mr.  r c  rrr<  t  T.  Pay,  Ill 
Cr.lcru.  I,  Corps  of  engineer'., 
district  l ng inner 

Department  of  H  o  /try 
St.  Paul  District  Corps  nf  fnqineers 
1 1 3‘>  U.r.  Post  Office  and  Custom  liousp 
St.  Paul,  M'i  SSKl 

Ref:  HCSED-PB 

Dear  Colonel  Cay: 

Trans:  ittrd  I'ciiwi .  F-.  please  find  the  City  of  Marshall's  Resolution 
No.  2i  P  pertaining  to  ;  he  City's  approval  of  a  flood  Control 
Project  and  its  int.i  nt  and  wi  i  1  u.qnees  to  cooperate’  with  the 
United  States  in  the  construction  ot  the  protect.  This  resolution 
V.U.,  proved  im  accordance'  with  the  . i bi  1 1 ty  report  prepared 
by  tn  Corps  if  t  n-t  i ;  •  •  r  r.  and  the  appropriate  local  rospc.i.sibi  1  i  - 
ties  <nd  cost  shat  inn  analysis  outlined  in  this  report. 

Also  enclosed  is  Resolution  ho.  ?P-1  which  is  a  resolution  doclarinq 
the  intention  of  thv  <  I ty  of  "arshail  and  the  Corps  of  Engineers 
concei  nine;  IocjI  participation  md  roc  reation  features  as  a  part 
of  a  project  for  flood  control. 

We  are  aware  of  the  fact  that  the  cost  sharin',  provisions  are  being 
changed  to  a  20  local  snare  of  the  total  project  as  per  recent 
prrs  i  tier*  i  id  i  polity.  ruw».*v*#t  ,  sim»*  Inis  l  i.en  1»  t. ..  tmui;i 

devel opine.it  and  preparation  for  approximately  f  or  d  years,  wa  would 
suggest  that  the  fundine;  for  the  pro;  ct  be  in  accordance  witn  the 
rules  ami  policy  as  have  been  in  effect  during  the  development  of 
this  project  and  as  outlined  in  t'u»  n  .isihi  1  i tv  repiirt.  it  ctoes 
become  absolutely  necessary  tn  change  Vie  sethncl  of  funding  for  the 
projeit,  we  would  acknowledge  this  :,ict  and  !  would  assume  tie  City 
of  Marshall  woulii  be  receptive  to  whatever  derision  is  appropriate. 
Part i cu  1  ai  1  y due  to  the  fact  that  the  project  is  of  utmost  importance 
to  the  residents  of  the  Marshall  cot.:.  iuni  ty . 


fir .  f orrest  1.  r,..v.  III 

Colon-.  1,  Corps  of  rnqiiu-ers 

District  I norneor 

O'.  p.irtr.ent  of  the  An  y 

Si.  Paul  District  Corn”,  of  1  niineers 

lljS  li.S.  Post  Off  He  tirni  Cu.lo;..  house 

St.  Paul,  f.‘N  ssmi 

Ref:  NCSLD-Pb 

Page  two 


It  is  also  our  undcrstardinq  that  more  formal  assurances  will  be 
required  on  the  part  of  the  city  followinq  the  i  r.nnross  i nival 
authorization  ami  prior  to  ,,:iy  construction  activities  throuyh  trio 
Corps  of  Engineers  cm, tracts. 

Wo  would  request  th  it  wo  root  im.o  to  expedite  this  projf't  as 
quietly  as  possible  so  that  we  'an  el  1m incite  the  existiri  potential 
flooo  damage  and  i nc onvi-ni e,if es  to  the  residents  of  the  Marshall 
corinuni  ty .  Thant  you  for  your'  assistance. 


Sinct  rely. 


Koti"'  t  I.  Sch’agcl  ' 
Mayor 


RJS :  b 
INC 


t 


/'  . 

CHICAGO  AND  fT  ‘  J  MJANSPOHIATION  COMPANY 

kj  j 

March  26,  19/9 


ASSISTANT  DIVISION  MANAOCf' 
ENGINl.nilMO 


File  1-51-9 


Mr.  F.  T.  C.,y,  III 

Col 1 1  cl ,  Co i  ps  of  Eng  uicers ,  Dist .  Lngr. 
5t.  P«ul  Distr ict-Corps  of  Engineers 
1135  U.  S.  Post  Office  5  Custom  House 
St.  Paul,  Minnesota  55101 


Attention:  Planninci  Branch 


Dear  Mr.  Gay: 


Please  refer  to  your  public  notice  regarding  flood  control  plans  involving 
dredging  and  filling  in  the  Redwood  River  at  Marshall,  Minnesota,  dated 
February  ?;- ,  19/9. 

The  proposed  recreation  facilities  with  respect  to  this  project  proposes 
walMng-bikirg  trailsand  cross-country  sH  trails  in  too  locations  along 
the  diversion  channel  around  Marshall,  Minnesota.  While  the  plans  are  not 
definitive  in  the  location  of  these-  trails,  it  would  appear  that  it  would 
be  necessary  some  tine  in  the  future  that  these  trails  will  cross  the  track 
of  the  Chicago  Worth  Western  Transportation  Company.  At  that  time  it 
will  be-  necessary  for  a  license  to  be  executed  between  responsible  public 
body  and  the  Transportation  Company  for  these  crossings. 

It  would  appear  from  this  notice  that  there  are  no  other  facilities  that 
will  affect  the  Transportation  Company.  I  would  appreciate  advice  as  to 
how  this  will  be  handled  in  the  future. 


Sincerely,  , 

V.  J Tesar 

Asst.  Div.  Mgr.-Engr. 


MAE: jm 
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law  o*-rtcr.r 

MOLTER.  RUNCHCV.  LOUWAGIE  &  WELLMAN 


WllUAN  CTATt  HANK  BUILOINC 
CAST  COLLCOC  OAlVt 
MARSHALL  MINNESOTA  b6250 


O**  •  ■  MOi.Tt» 
OBC*T  C  NUNCnrv 
CICfH  M  LOJWAd'C 
TCV*H  C  Wr LIMA M 


RMONC 

M7*s»a>*l 

March  30,  1977 


Corps  of  Engineers 

St.  Paul  District  Office 

1135  U.S.  Post  Office 

and  Custom  House 

St.  Paul,  Minnesota  55101 

RE:  MEETING- -COUNCIL  CHAMBERS--2-17-77 
MUNICIPAL  BUILDING 
344  WEST  MAIN  STREET 
MARSHALL,  MINNESOTA  56258 

Gentlemen; 

Major  Walter  H.  Heme  addressed  a  group  of  Lyon  County  residents 
relative  to  the  proposed  flood  control  project  on  the  Redwood 
River  at  Marshall,  Minnesota,  on  February  17,  1977.  A  number 
of  land  owners  were  present  and  the  undersigned  represented 
the  owners  of  land  located  to  the  south  of  said  project. 

The  owners  of  valuable  property  on  the  upstream  area  would 
be  directly  affected  by  any  flood  control  project.  We  pointed 
out  that  under  the  proposed  5U  plan,  the  undersigned  owners 
of  the  Westside  Acres  and  their  property  to  the  south  of 
Plan  5U  would  sustain  substantial  damages  for  valuable  property 
taken  for  the  levy  involved,  together  with  probable 
damage  from  flooding  in  the  future. 

A  detailing  of  the  previous  floods  experienced  in  this  area 
were  made  known  at  this  hearing.  However,  it  was  disclosed 
by  the  Corps  of  Engineers  that  there  was  no  data  relating  to 
the  amount  of  run-off  water  resulting  from  the  extensive 
drainage  and  tiling  of  the  agricultural  lands  in  this  area 
to  the  present  time.  There  have  been  numerous  floods  in 
the  recent  years  from  the  swift  run-offs  resulting  in  floods 
from  any  above  average  rains.  Consequently,  our  area  is 
now  subjected  to  flooding  conditions  frequently,  whereas 
heretofore  floods  were  experienced  during  very  infrequent  periods . 


We  strongly  urge  that  the  most  realistic  solution  to  the 
problem  is  to  have  the  diversion  channel  extended  between  the 
Redwood  River  and  the  Burlington  Railroad  as  identified  in 
Plan  6U.  This  plan  would  clearlv  result  in  the  most  feasable 
control  necessary  for  the  discharge  of  flood  waters.  Additionally, 
the  costs  of  damages  due  to  the  property  of  the  undersigned 
would  be  greatly  reduced,  which  would  not  be  the  case  under 
the  proposed  plan  5U. 

The  long  range  costs  of  this  project,  together  with  the 
lower  land  acquisition  costs  under  plan  ftU  clearly  make  this 
the  preferable  plan  for  a  proper  flood  control  project. 

We  urge  vou  to  adopt  plan  6U  as  the  most  feasable  long  range 
flood  control  project  for  the  needs  of  our  area. 


Yours  truly, 


Robert  C.  Runchey, 

Representative  for  Westside"'Acres 


RCR/mnni 

cc  Representative  Richard  Nolan 
1019  Longvorth  Office  Building 
Washington,  D.C.  20515 


suoe  1  - 

ST.  PAUL 
DISTRICT 
LOCO 


STATEMENT  BY 
DISTRICT  ENGINEER 

U.S.  ARMY  CORPS  OF  tffillEERS,  ST.  PAUL  DISTRICT 
MARSHALL,  HINEESOTA,  PUBLIC  MEETING 

INTRODUCTION 

THA*  YOU,  MAYOR  SCHLACEL. 

GOOD  EVENING  LADIES  AND  GENTLEMEN.  I  AM  MAJOR  WALTER  HEME,  UtPUTY 
DISTRICT  ENGINEER  POR  THE  U.S.  ARMY  CORPS  OF  ENGINEERS,  ST.  PAUL 
DISTRICT,  ►CWQUARTERED  IN  ST.  PAUL.  THIS  EVENING  I  WILL  DISCUSS 
OUR  INVOLVEMENT  IN  THE  STUDY  FOR  FLOOD  CONTROL  IMPROVEMENT  ON  THE 
REUWOOO  RIVER.  FIRST,  I  WOULD  LIKE  TO  INTRODUCE  SOPE  OF  THE 
PEOPLE  WITH  ME  HERE  TONIGHT  WHO  HAVE  BEEN  RESPONSIBLE  FOR  THE  FLOOD 
CONTROL  STUDY.  THEY  ARE  MR.  ROBERT  STENTORS,  MR.  JIM  HDLLERAN,  AND 
MR.  TED  ONDLER  OF  OUR  STAFF,  AND  MR.  PAUL  KERANEH  OF  WEWMAN,  CHAPMAN, 
ASSOCIATES,  INC.,  WOM  WE  HAVE  CONTRACTED  TO  CONDUCT  Tl«  FLOOD  CONTROL 
STUDY.  THESE  GENTLEMEN  ARE  AVAILABLE  THIS  EVENING  TO  ANSWER  ANY 
SPECIFIC  QUESTIONS  YOU  MAY  HAVE  CONCERNING  TI*  STUDY. 

BEFORE  WE  BEGIN,  IF  YOU  HAVE  NOT  DONE  50  ALREADY,  I  ASK  THAT 
YOU  FILL  OUT  THE  ATTENDANCE  CARD  WHICH  WAS  GIVEN  TO  YOU  AS  YOU 
ENTERED.  THESE  ATTENDANCE  CARDS  ARE  USED  TO  RECORD  YOUR  NAMES  AND 
ADORLSSES  SO  THAT  WE  CAN  INFORM  YOU  OF  ANY  FUTURE  PUBLIC  MEETINGS 


RELAli.L  10  THIS  PROJECT  AN 0  ALSO  TO  1DCN1  ITT  THOSr  MU  WISH  TO  KAHE 
A  STATEFtNT  FERE  TONIGKT.  TO  ASSURE  THAT  ALL  STATEMENTS  MADE  TONIGHT 
WILL  0€  AVAILABLE  FOR  FURTHER  CONSIDERATION,  WE  IIAVT  ARRANGED  FOR 
Ml.  CHARLES  LtHMAN,  TO  RECORD  Tit  PROCEEDINGS  OF  THIS  MEETING.  PLEASE 
IDENTIFY  YOURSELF  BY  NAME  IRtNtVLR  YOU  MAKE  A  STATEFtNT  OR  HAVE  A 
QUESTION  SO  THAT  M».  tntTAN  CAN  PROPERLY  RECORD  YOUR  PART  IN  THE 
FEET  INS. 

SLIDE  2  -  PURPOSE  OF  FtETING 

REPORT  COVERS- 
FR  AND  E IS 

OUR  PURPOSE  FOR  BEING  ItRE  TH!>  t _ JING  IS  TWOFOLD:  FIRST,  TO 

INFORM  YOU  OF  THE  PROGRESS  AFC  F1FCINGS  TO  DATE  ON  Tl*  FLOOD  CONTROL 
STUDY  AND  SECOND,  AND  MORE  IMPORTANTLY,  TO  OBTAIN  YOUR  VIEWS  ON  T>€ 
STUOY. 


AS  INDICATED  IN  OUR  AMCUNCEMENT OF  THIS  FtETING,  WE  RECENTLY  COM¬ 
PLETED  A  DRAFT  FEASIBILITY  REPORT  AND  ENV I  ROFFtNT  Al  IMPACT  STATEFtNT 
PRESENTING  THE  PRELIMINARY  RESULTS  OF  01*  STUDY  FIIOINGS.  COPIES  OF 
THESE  REPORTS  HAVE  BEEN  FW)E  AVAILABLE  TO  ALL  DOR  INTERESTS  INCLUDING 
FEDERAL,  STATE  AND  LOCAL  AGENCIES,  ORGANIZATIONS  AAV  INDIVIDUALS  FOR 
REVIEW  AND  COFNENT . 

AFTER  RECEIVING  ALL  VIEWS  AFC  COME  NTS,  INCLUDING  THOSE  PRESENTED 
IE  RE  TONIGFfT,  WE  PLAN  TO  REVISE  TM;  DRAFT  REPORT  AS  ACCESSARY,  TO  ENSURE 
THAT  THE  PLAN  ULTIFIATELY  RECOFtCNOCD  TO  CONGRESS  TRULT  REFLECTS  YOUR 
FEEDS  AND  DESIRES.  THUS,  TIP  RESULTS  OF  OUR  FtETING  TONIGHT  REPRESENT 
AN  IMPORTANT  STEP  TOWARD  Ft L TING  THAT  OBJECTIVE. 
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BACKGROUND 


SLIDE  3  -  TIC  CITY  Of  MARSHALL  IS  LOCATED  ON  THC  REDWOOO  RIVER,  A  TRI¬ 

BASIN  HAP 

8UTARY  Of  THE  MINNESOTA  RIVER  AS  SHOWN  ON  THIS  SLIDE.  TIC  REDWOOO 

RIVER  HAS  A  HISTORY  Of  FLOODING  CAUSED  EITfCR  BY  EXCESSIVE  RAINFALL 

OR  SNDVMELT.  THE  SECOND  LARGEST  FLOOD  OF  RECORD  ON  THE  REDWOOD 

RIVER  OCCURRED  IN  JUNE  1957  WHEN  MORE  THAN  8  INCHES  OF  RAIN  FELL 

OVER  THE  BASIN  AND  CAUSED  THE  RIVER  TO  OVERFLOW  ITS  BANKS  INUNDATING 

1951  FLOOO  MOST  OF  THE  DEVELOPED  AREA  OF  MARSHALL.  THIS  NEXT  SERIES  OF  SLIDES 
SLIDES 

shows  tic  effect  of  the  1957  flood  in  marshall. 

BLANK  SLIDE  AT  Tf€  REQUEST  OF  TfC  CITY  OF  MARSHALL  FOLLOWING  THE  1957  FLOOO 

WE  MADE  A  STUDY  Of  TIC  CITY'S  FLOOD  PROBLEM.  THIS  STUDY  LED  TO  THE 
CONSTRUCTION  Of  THE  EXISTING  FLOOO  CONTROL  PROJECT  IN  1963. 

EXISTING  FLOOO  AS  SHAN  ON  THIS  SLIDE  THE  EXISTING  FLOOO  CONTROL  PROJECT  AT 

CONTROL  PROJECT 

MARSHALL  INCLUDES  A  LEVEE  ABOVE  THE  BURLINGTOJ^  KORTEERN  BRIDGE  AND 
CLEARING  AND  SNAGGING  IN  TIC  UPSTREAM  REACH J^A  2. A  MILE  DIVERSION  CHAffCL 
TO  DIVERT  EXCESS  FLOOO  FLOWS  AROUND  THE  CITY  AND  CHANNEL  IMPROVEMENTS 
IN  TIC  DOWNSTREAM  REACH.  TIC  DIVERSION  CHANNEL  WAS  DESIGNED  TO  PASS 
A  MAXIMUM  DISCHARGE  Of  5,000  CFS  WHILE  PERMITTING  NORMAL  PLOWS  UP  TO 
1,500  CFS  TO  PASS  THROUGH  TEC  NATURAL  CHAMCL  THROUGH  THE  CITY. 
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IN  APRIL  1  <(•'),  TH  IAPGL',7  FLOOD  Or  RECORD  OCCURRED  ON  THE  red¬ 
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WOOD  RIVER  WITH  A  DISCHARGE  OF  ''i,09C  CUBIC  FELT  PER  SECOND.  FROM 
1  HI S  FLOOO  WE  FCANO  THAT  THE  DIVERSION  CHANNEL  WOULD  HAVE  HAD  SUFFICIENT 
CAPACITY  TO  PASS  THE  PEAK  FLOW  BUT  TIC  PROBLEM  WAS  THAT  TEC  FLOW  DID 
NOT  ADEQUATELY  P.FACH  TFC  DIVERSION  STRUCTURE. 

DURING  TIE  IS  69  ELOOO  EFCRGENCY  MEASURES  WERE  UCERTAKEN  BY  THE 
CORPS  OF  ENGINEERS  UNDER  PL1BL1C  LAW  99  AS  REQUESTED  BY  Tl€  CITY  OF 
MARSHALL.  COUNTY  POAD  ?  WAS  RAISED  TO  PREVENT  RIVER  OVERFLOW  FROM  IN¬ 
UNDATING  T  E  CENTRAL  AREA  OF  MARSHALL  AIJD  HIGHWAY  ?’  WAS  BREACHED  TO 
PERMIT  PART  OF  TIE  OVERFLOW  TO  FLOW  SOUTHWARD  INTO  THE  COTTONWOOD  RIVER 
BASIN  'HEREBY  FURTItR  PREVENTING  FLOOD  lie,  IN  MARSHALL.  THIS  NEXT  SERIES 
OF  SLIDES  DEPICTS  THE  EMFPSEKY  ACTIONS  THAT  WERE  UNDERTAKEN  IN  THl  UP¬ 
STREAM  REACH  IN  1969. 

DURKft  TIC  1969  FLOOD  ANJTHFP  PROBLEM  DEVELOPED  IN  Tl-E  DOWNSTREAM 
REACH.  IN  THIS  REACH  IT  WAS  NECESSARY  TO  CONSTRUCT  AN  EMERGENCY  LEVEE 
TO  PREVENT  FLOODING  OF  TFC  MORE  RUENTLY  DEVELOPED  AREA  IN  TFC  VICINITY 
or  SOUTHWEST  S'AFf  COLLEGE,  AS  SHOWN  ON  TH.SE  SLIDES. 

WITHOUT  FURTFCR  FLOOO  CONTROL  IMPROVEMENTS  OR  EMERGENCY  MEASURES 
TFC  CITY  OF  MARSHALL  REMAINS  SUBJECT  TO  FLOOOING  BY  FLOODS  EQUAL  TO  OR 
GREATER  THAN  OFT  HAVING  ABOUT  A  S  PERCENT  CHANCE  OF  0CCURR1W  DURING  ANY  ONE 
YEAR  (20-YEAR  FLOOO).  THIS  NEXT  SLIDE  SLOWS  TIC  OUTLINE  IN  LIGHT  BLUE  OF 
A  FLOOD  HAVING  A  1  PERCENT  C  FIANCE  OF  OCCURRING  I  HA?  IN',  ANY  1  YEAR  (100-YEAR 
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ALTERNATIVES 

LIST 


FLOOO).  TW  100-YCAR  FLOOO  IS  APPROXIMATELY  EQUAL  IN  MAGNITUDE  TO  DC 
RECORD  1909  FLOOO.  THE  RETRACTED  DARK  BlUt  OUTLINE  SHC»*I  ON  TEC  SLIDE 
IS  THE  100-YEAR  FLOOO  OUTLINE  FOR  PROPOSED  CONDITIONS  WHICH  I  WILL  DIS¬ 
CUSS  LATER.  TFE  EXISTING  CONDITIONS  FLOOO  OUTLUE  IS  TAKEN  FROM  OUR 
FLOODPLAIN  INFORMATION  REPORT  WHICH  WE  COMPLETED  FOR  THE  CITY  IN 
DECEMBER  197H. 

DUE  TO  TVC  LIMITATIONS  OF  TFC  EXISTING  FLOOO  CONTROL  PROJECT  AS 
EXPERIENCED  DURING  TV£  1969  FLOOD,  IT  IS  EVIDENT  THAT  THE  PRESENT  PRO¬ 
JECT  CAANOT  PROVIDE  SUFFICIENT  FLOOO  PROTECTION  TO  MARSHALL  AND  TIC 
DEVELOPED  FLOODPLAIN  AREA  ADJACENT  TO  TIC  CITY.  ACCORDINGLY,  IN  157*, 
RESOLUTIONS  WERE  RECEIVED  FROM  LYON  COUNTY  AND  THE  CITY  OF  MARSHALL 
REQUESTING  THAT  A  STUDY  BE  COACUCTED  TO  DETERMINE  WHAT  IMPROVEMENTS 
COULD  BE  MADE  TO  PROVIDE  ADDITIONAL  FLOOD  PROTECTION  AFC  INCREASED 
EFFICIENCY  OF  THE  EXISTING  FLOOD  CONTROL  PROJECT.  LATER,  as  THE  STUDY 
PROGRESSED,  MARSHALL  CITY  OFFICIALS  INDICATED  A  DESIRE  FOR  IMPROVED 
RECREATIONAL  OPPORTUNITIES  FOR  THE  CITY,  INCLUDING  CROSS-COUNTRY 
SKIING  TRAILS,  EXPANDED  PICNICKING  FACILITIES  AAD  NATURE  AREAS. 


ALTERNATIVE  FLOOO  CONTROL  MEASURES  CONSIDERED 

SEVERAL  ALTERNATIVE  FLOOO  CONTROL  MEASURES  HAVE  BEEN  CONSIDERED 
DURING  OUR  COURSE  OF  STUDY.  TONIGHT  I  WILL  BRIEFLY  REVIEW  THESE 
ALTERNATIVES  FOR  YOU.  DETAILED  DESCRIPTIONS  CAN  BE  TOUM)  IN  TIC 
DRAFT  FEASIBILITY  REPORT  WHICH  HAS  BEEN  MADE  AVAILABLE  TO  YOU. 
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THE  srcc-jp  Ai.TERNATiV*.  *1  COAMLCRlD  I  -  *.  VALUATION  OF  TIC  FLOOO- 
PLAiN.  ■’M/J.H  tVAC'jATlSN  W>..lSf  ACHIEVE  PCWW3.N7  PROTECTION,  THIS 
AcTIRNA*  Iv'f.  WOULD  Pf  VF.P.V  CO'.TLY  TO  ACUit  Vf  (N  SUCH  A  LARGE  SCALE  DUE 
TO  Tit  ;W,Y  RESIDENT  i  AL  AND  SUSlNL.SS  ITVTl  (**r.;.‘TS  AS  WELL  AS  SCHOOLS 
A/,0  CHALK  S  IN  Trf  AiSA.  IN  W-l’KifJ  To  !,F  COSTS  EXCEEDIN';  ThC 
BENFlil1  W» * K i *  WOULD  AC  HUE ,  T»t  F.VACUAT  J.f«  ALTERNATIVE  WOULD  BE 
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PLAN  3  AS  DESCRIBED  IN  Tit  FL‘»\)KT  IS  A  MODIFICATION  OF  TIC  UUST- 
MENTIONED  PLAN,  CALL  IMS  FOR  PARTI  AA  EVACUATION  AND  SOME  FLOOO  PROOFING. 

I  NS  IE  At)  Of  TOTA„  EVACUATION,  SOME  ARfAS  COULD  BC  ELlXJO  PROOF  EO,  ESPECIALLY 
WHERE  FlGOD  DEPTHS  AffL  NOT  T00  GREAT.  HOWEVER,  EVuN  THOUGH  THE  COSTS 
WOULD  B T  ITSS  THEN  COMPLLTf  EVACUATION,  V£  FIND  THAT  THE  COST  REDUCTION 
WOULD  NOT  BE  SUrFICICNT  To  FCOft.WICAl.LY  JUSTIFY  Tit;  EVACUAT ION-FLOOD 
PROOFING  ALTERNATIVE.  !N  AUDITION,  SOCIAL  UNACCCPTAOIL  1TY  WOULD  *.S0 


Bt  A  ItTEPRI  NT  TO  THIS  ALTERNATIVE. 


UPSTREAM  RESERVOIR  STOWAGE  WAS  ALSO  CONSIDERED  AS  A  POSSIBLE 
SOL  U1 1  ON .  TWO  APPROACHES  WERE  REVIEWED  IN  COFNECTION  WITH  TIC 
PROPOSAL.  ONE  WOULD  INVOLVE  a  SINGLE,  LARGE  RESERVOIR  LOCATED  IN 
CAMJEN  STATE  PARK.  PROM  A  TECHNICAL  VIEWPOINT,  THE  PARK  WOULD 
APPORD  THC  ONLY  PRACTICAL  SITE.  HOWEVER,  UPON  REVIEW,  OUR  STUDIES 
SHOWED  THAT  SUCH  A  RESERVOIR  WOULD  HAVE  INSUFFICIENT  STORAGE  CAPACITY. 

IT  WOULD  ALSO  RESULT  IN  SEVERE  ENVIROMRENTAL  LOSSES,  SIGNIFICANTLY 
CHANGE  THE  USE  OF  TIC  PARK  AND  BE  ECONOMICALLY  UNJUSTIFIED. 

IX  OTXR  RESERVOIR  ALTERNATIVE  CONSIDERED  WAS  A  SYSTEM  OF  SMALL 
TRIBUTARY  RESERVOIRS.  SMALL  RESERVOIRS  BY  THEMSELVES  VCRE  CONSIDERED 
INFEASIBLE  SINCE  THE  RESERVOIRS  WOULD  BE  SITUATED  TOO  FAR  UPSTREAM 
AND  WOULD  ALSO  HAVE  INADEQUATE  STORAGE  CAPABILITY  TO  SIGNIFICANTLY 
REDUCE  DAMAGES  FROM  MAJOR  FLOODS.  HOXVER,  IN  OUR  STUDY  OF  FIVE  MIWCSOTA 
RIVER  SUBBAS1F6  WHICH  WE  ARE  CONDUCTING  JOINTLY  WITH  TX  SOIL  CONSERVATION 
SERVICE,  UNDER  PUBLIC  LAW  87-639,  **  ARE  CONSIDERING  A  NUMBER  OF  SMALL 
RESERVOIRS  ON  SEVERAL  TRIBUTARIES  INCLUDING  TX  REDWOOD  RIVER.  DEPENDING 
ON  TXIR  FEASIBILITY,  TXSE  SMALL  RESERVOIRS  WOULD  SERVE  AS  AN  IMPORTANT 
SUPPLEMENT  TO  TX  PROPOSED  PLAN  OF  IMPROVEMENT. 

SEVERAI  VARIATIONS  OF  LEVEES  AND  CHAFNEL  IMPROVEMENT  were  ALSO 
INVESTIGATED  AS  POSSIBLE  SOLUTIONS  FOR  FLOOD  CONTROL  IN  TX  UPSTREAM. 

REACH  OF  MARSHALL  AS  SHOWN  ON  THIS  SLIDE. 
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LCVEE  CONSTRUCTION  WAS  ANOTHLP  CONS  I OCRAT I  ON .  OE  PROPOSAL 


IN  THE  DOWNSTREAM  REACH  WOULD  INVOLVE  LEVEE  CONSTRUCTION,  A  DRAINAGE 
PONDING  AREA  WITH  DITCH  AND  OUTLET  WORKS,  AND  A  TEMPORARY  SANDBAG 
CLOSURE.  TTCSE  MEASURES  WOULD  PROVIDE  MORE  EFFICIENT  OPERATION  OF 
TVE  EXISTING  PROJECT  AND  PROVIDE  PROTECTION  FOR  NEW  DEVELOPMENTS. 

AT  TIC  REQUEST  OF  TIC  CITY,  A  COMBINED  HIGHWAY-LEVEE  ALTERNATIVE 
WAS  INVESTIGATED.  THIS  WOULD  BE  QUITE  SIMILAR  TO  THE  PRECEDING 
PLAN  EXCEPT  THAT  T>€  PROPOSED  HIGHWAY  WOULD  SERVE  AS  A  LEVEE. 

CONSIDERATION  WAS  ALSO  GIVEN  TO  A  COMBINED  LEVEE-CHAMCL  WORKS 
TO  REDUCE  FLOOD  STAGES  AND  REQUIRED  EMBANKMENT  HEIGHTS.  THIS  ALTER¬ 
NATIVE,  HOWEVER,  WOULD  BE  ENVIRONMENTALLY  HARMFUL  IN  TERMS  OF  VEGETA¬ 
TIVE  AND  HABITAT  LOSSES  DUE  TO  CHANEL  BANK  CLEARING  AND  RESHAPING, 

SELECTED  PLAN 

PROPOSED  FLOOD  THIS  NEXT  SLIDE  SHOWS  THE  SELECTED  FLOOD  CONTROL  PLAN.  THIS 

CONTROL  PLAN 

PLAN  CONSISTS  OF  IMPROVEMENTS  ALONG  TIC  RIVER  REAOCS  BOTH  UPSTREAM 
AND  DOWNSTREAM  OF  TIC  EXISTING  FLOOD  CONTROL  PROJECT. 

UPSTREAM  WORKS  WOULD  CONSIST  OF  A  2, ?60-F0OT-LCNG  LEVEE  ALONG 
TIC  LEFT  BANK  AND  A  6, 350-F00T-LDNG  LEVEE  WITH  TWO  TEMPORARY  SANDBAG 
CLOSURES  ALONG  THE  RIGHT  BANK.  TIC  LEFT  AND  RIGHT  BANC  LEVEES  WOULD 
COHCNCE  AT  TIC  UPSTREAM  END  OF  TIE  EXISTING  PROJECT  AND  EXTEND  TO 
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PROPOSED  kl-  TkC  PROPOSED  PLAN  WOULD  ALSO  PPOVIDt  FOR  MUCH  WEEDED  RECREATIONAL 

CREATION  PLAN 

FACILITIES.  INITIAL  FACILITIES  WOULD  INCLUOE  BICYCLE  AND  CROSS-COUNTRT 
SCI  TRAILS,  IFTROVEFCNT  TO  AN  OUTDOOR  GAMES  AREA  ON  THE  PROJECT  RIGHT- 
OF-WAY,  AND  LIMITED  PICNICKING  ACCOMODATIONS.  FUTURE  PHASE  IMPROVE¬ 
MENTS  WOULD  INCLUOE  A  NATURAL  EDUCATION  ATE)  QUIET  AREA,  ADDITIONAL  IM¬ 
PROVEMENTS  TO  TEE  OUTDOOR  GATES  AREA,  AND  A  CANOE  ACCESS  AT  TTE  HIGHWAY 
23  ROADSIDE  PARK. 

TTC  SELECTED  PLAN  IS  ECONOMICALLY  FEASIBLE  AT  AN  ESTIMATED  TOTAL 
COST  Of  $2,115,000  AND  A  BENEFIT-COST  RATIO  OF  2.0.  TFC  PROJECT  WOULD 
BE  CONSTRUCTED  BY  THE  FEDERAL  GOVERMNENT  AT  AN  ESTIMATED  FTOCRAL  COST 
OF  Sl.VfclO.  THE  NON-FEDERAL  SHARE  WOULD  BE  ABOUT  $121,000. 

LOCAL  COOPERATION 

tfc  overall  flooo  control  project  for  marshall  would  be  constructed 

UNDER  CONTRACT  BY  T«  FEDERAL  GOVERNMENT.  TTC  FEDERAL  GOVERMCNT  WOULD 
BE  RESPONSIBLE  FOR  DESIGN  AND  CONSTRUCTION  OF  TVt  VARIOUS  FEATURES  OF 
T*  PROPOSED  WORKS.  TMC  COST  OF  THIS  STUDY  IS  ALSO  ASSUMED  BY  THE 
FEDERAL  GOVERFMENT. 

FOLLOWING  CONSTRUCTION,  NON-FEDERAL  INTERESTS  WOULD  BE  RESPONSIBLE 
FOR  MAINTAINING  ALL  PROJECT  WORMS.  IN  ADO  IT  ION,  TTC  LOCAL  SPONSOR  WOULD 
BE  RESPONSIBLE  FOR  MEETING  ALL  ELEMENTS  OF  LOCAL  COOPERATION  AS  OUTLINED 
IN  THE  DRATT  FEASIBILITY  REPORT.  PRIOR  TO  INITIATION  OF  ANY  CONSTRUC¬ 
TION  WORK,  nt  SPONSOR  WOULD  ALSO  BE  REQUIRED  TO  CNTCR  INTO  A  LEGAL  AFC 
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THIS  CONCLUDES  Mr  FORMAL  PRESENTATION.  !  WILL  NOW  OPEN  ThC 
METING  UP  FOR  YOUR  VIEWS  AND  COMMENTS  ON  THE  SELECTED  PLAN  AND  CON¬ 
SIDERED  ALTERNATIVES.  FIRST,  I  WILL  CALL  ON  TIOSE  WHO  UCICATED  ON 
THEIR  CARDS  THAT  THEY  WISH  TO  MARE  A  STATEMENT .  AFTER  THAT,  I  WILL 
CALL  ON  OTECRS  WHO  MAY  WISH  TO  EXPRESS  TFCIR  VIEWS.  AS  YOU  RISE  TO 
SPEAR,  PLEASE  GIVE  YOUR  FULL  NAM  AND  THE  INTEREST  YOU  REPRESENT,  IF 
ANY,  SO  THAT  WE  MAY  HAVE  THIS  INFORMATION  FOR  THE  PUBLIC  RECORD. 

CLOSING 

IF  THERE  ARE  NO  FURTHER  CUMOJTS,  I  WILL  TIRN  TIE  MEETING  BACK 
OVER  TO  MAYOR  SCHLAGEL.  I  TRUST  THAT  EVERYONE  MRE  TONIGHT  MAS  HAD 
*1  OPPORTUNITY  TO  PRESENT  THEIR  VIEWS.  HCARVCR,  THE  RECORD  OF  THIS 
MEETING  WILL  BE  KEPT  OPEN  FOR  A  PERIOD  OF  30  DAYS  FOR  ANY  ADDITIONAL 
WRITTEN  STATBCNTS.  WE  THANK  YOU  FOR  COMING  OUT  HERE  TONIGHT  A  A® 
METING  WITH  US. 


END 

DATE 
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